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CORRECTIONS  AND  INSERTIONS 

All  contributors  to  volume  11  have  been  invited  to  send  in  corrections  and  in- 
sertions to  be  made  in  their  compositions,  and  the  volume  has  been  scanned  with 
some  care  by  the  Editor.  The  following  are  such  corrections  and  insertions  an  are 
deemed  worthy  of  attention : 

Page    16,  line    4  from  top ;  for  *'  fourteenth  "  re(ul  sixteenth 
**    ;/m-*'1820"  read  \S\0 
bottom ;  for  "  800  *'  read  TiOO 
top';  for  **  north  *'  read  northwest 
•*    ;/or**Kakuku**re?«/iKahuku 
"    ;  for  *'  north  '*  read  northwest 
bottom;  for  "  Kaluwaa''  read  Kaliuwaa 

**      ;  for  "  rise  "  read  size 
top ;  for  "  Southern  "  read  Southeastern 
**    ;  for  "thus"  refidthen 
"    ;  for  **  Kalehi "  read  Kalihi 
*'    ;  /or  "lie"  r«afi lies 
l>ottom ;  for  "  Panoa"  read  Pauoa 
"      ;/r>r"Kalihe"re«ri  Kalihi 
**      ;  after  "  Kalauao  "  insert  and  Waimalu 
"      ;  /ar  "Kamahemaha"  rmd  Kamehameha 
top  ;for*'  Kalehi "  read  Kalihi 
**   ;  for  **  Kawaihao  "  read  Kawaiahao 
"    ;  for  **  Kaimoki "  read  Kaimuki 
bottom ;  for  *'  Kamehamaha"  read  Kamehameha 
"      ;  for  '*  flowed  "  read  was  ejected 
**      ;  for  "locks"  read  lochs 
.   "      ;  for  "li"  read  2i 
top;  for  "  Hanalea''  recul  Hanaloa 
"    ;  /or  "  Kaliiwaa"  read  Kaliuwaa 
bottom ;  for  "  east "  read  northeast 
top;  /or'- 4300  "r^od  3300 
bottom ;  for  **  western  "  read  Weston 
470,  plate  49,  figure  1 ;  for  "  composed  of"  read  covered  with 
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Session  of  TLTi«:sDAy,  August  10 

The  Society  was  called  to  order  at  10.15  o'clock  a  m,  in  the  geological 
lecture-roora,  Orton  Hall,  Ohio  State  University.  The  President,  Pro- 
fessor Benjamin  K.  Emerson,  occupied  the  chair  throughout  the  meeting. 
By  mutual  understanding  between  the  Society  and  the  American  Associa- 
tion for  the  Advancement  of  Science,  the  Geological  Section  (Section  E) 
of  the  Association  had  temporarily  suspended  its  sessions  and  yielded 
the  use  of  its  room  and  time  to  this  meeting  of  the  Society. 

ELECTION  OF  FELLOWS 

The  Secretary  announced  that  the  four  candidates  for  fellowship  had 
received  a  nearly  unanimous  vote  of  the  ballots  transmitted,  and  that 
they  were  elected,  as  follows  : 

Fellows  Elected 

Clkvrlamo  Abbe,  Jr.,  A.  B.,  A.  M.,  Ph.  D.,  Westminster,  Maryland.     Professor  of 

Geology,  Western  Maryland  College. 
Aij^RRD  HuiJSE  Brooks,  B.  8.,  Washington,  D.  C.   .Assistant  Geologist,  United 

States  Geological  Survey. 
William  Libbey,  A.  M.,  Sc.  D.,  Princeton,  New  Jersey.     Professor  of  Physical 

Geography,  Princeton  University,  and  Director  E.  M.  Museum  of  Geology. 
Georor  Burba nk  Shattuck,  B.  S.,  Ph.  D.,  Baltimore,  Marvland.     Associate  in 

Physiographic  Geology,  Johns  Hopkins  University. 

I— Bull-  Obol.  Soo.  Am.,  Vol.  11,  1899  (^) 


2  VHOCAfimmS  OP   THE   COLUMBUS   MKETING 

Upon  n><JtiT|f<  dr  J.  J.  Stevenson,  it  was  voted  to  make  H.  L.  Fairchild 
a  lite  %peiM>er,  **  in  consideration  of  his  long  and  valuable  services  to  the 
.  Hoi5'5je<iy-as  Secretary." 

•'".  ':*' '      '^^®  reading  of  papers  was  declared  in  order.     The  first  paper  of  the 
•  program  was 

THE  GEOLOGY  OF  COLUMBUS  AND   VICINITY 
BT   EDWARD  ORTDN 

Remarks  were  made  by  the  President  and  Frank  Leverett. 
The  second  paper  was  entitled : 

GLACIAL  PHENOMENA  OF  CENTRAL  OHIO 
BY   FRANK   LRVBRBTT 

lAf>8tracQ 

A  general  description  waaifiven  of  glacial  and  inteiylacial  formations  represented 
in  central  Ohio  as  follows:  Firet,  the  lUinoian  drift;  second,  a  soil  and  weathered 
zone  (Sangamon)  formed  on  the  surface  of  the  Illinoian  drift;  third,  a  silt  dei)08it, 
probably  of  lowan  age,  which  caps  the  weathered  surfiice  of  the  Illinoian  drift ; 
fourth,  the  Wisconsin  drift,  with  its  several  moraines.  The  lobation  of  the  ice-sheet 
in  the  Scioto  basin  and  the  axiradient  movement  shown  by  striae  received  attention. 
The  principal  changes  of  drainage  which  have  been  produced  by  glaciation  were 
also  discussed.    The  paper  was  accompanied  by  a  map. 

In  the  discussion  of  the  paper  Professor  W.  G.  Tight  argued  that  the 
smooth  till  plains  of  the  region  might  conceal  very  irregular  surface,  and 
that  the  ice- flow  was  not  controlled  by  topography.  Remarks  were  also 
made  by  the  President,  I.  C.  White,  G.  F.  Wright,  and  the  author. 

The  following  paper  was  read  by  title,  in  the  absence  of  the  author : 

GLACIAL  AND  MODIFIED  DRIFT  IN  MINNEAPOLIS,  MINNESOTA 
BY   WARREN  UPHAM 

The  last  paper  of  the  morning  session  was  entitled : 

LATERAL  EROSION  AT  THE  MOUTH  OF  THE  NIAGARA  GORGE 
BY  G.    FREDERICK   WRIGHT 

The  substance  of  this  paper  is  published  in  the  Popular  Science 
Monthly,  volume  Iv,  pages  145-154,  June,  1899. 


RANDOM,   A   PKE-CAMBRIAN    UPPER   ALGONKIAN   TERRANK  6 

Following  the  presentation  of  this  paper  the  Society  adjourned,  at 
12.35  o'clock,  for  the  noon  recess. 

At  1.45  o'clock  p  m  the  Society  reconvened,  and  the  three  following 
papers  were  read  by  title : 

GB0L0G7  OF  OAHU,  HA  W A II AN  ISLANDS 
BY  C.   H.    HITCHCOCK 

The  paper  is  printed  in  full  in  this  volume. 

RANDOM,  A  PRB-CAMBRIAN  UPPER  ALGONKIAN  TERRANB 
BYCHARLBR  D.  WALCOTT 

In  a  paper  presented  to  this  Society  at  its  last  meeting  I  gave  a  description  of 
the  Avalon  series  of  Newfoandland.  *  Therein  it  was  stated  that  tlie  Signal  Hill 
sandstone  and  conglomerate  caps  the  series,  the  Cambrian  resting  unconformably 
on  the  basal  terrane  of  the  Avalon  series  and  overlapping  on  the  Archean.  No 
transition  beds  were  known  between  the  Signal  Hill  terrane  and  the  Cambrian. 
Subsequently  Mr  G.  F.  Matthew  published  an  article  entitled  **A  Paleozoic  Ter- 
rane beneath  the  Cambrian,''  t  in  which  he  referred  the  greater  portion  of  the 
red  and  green  shales,  with  their  interbedded  limestones,  on  Smith  sound  and 
Trinity  bay,  Newfoundland,  to  a  pre-Cambrian  terrane.  These  shales  and  lime- 
stones were  correlated  with  similar  beds  on  Hanford  brook,  New  Brunswick,  to 
which  he  had  given  the  name  *'  Etcheminian." 

In  June,  1899,  accompanied  by  Mr  S.  Ward  Loper  to  assist  in  collecting  fossils, 
I  visited  Smith  sound,  and  at  Smith  point  found  the  Olenellus  fauna  369  feet  below 
the  summit  of  the  Etcheminian,  and  one  of  its  types,  Coleoloides  tyjncalis^  in  the 
basal  bed  of  the  Cambrian,  on  the  south  side  of  Random  island.  This  retains  the 
Etoheminian  of  Newfoundland  in  the  Lower  Cambrian,  to  which  the  strata  rep- 
resenting it  on  Manuels  river  were  referred  by  me  in  1888.  On  a  second  visit  to 
the  Smith  Sound  section  later  in  the  month,  Mr  J.  P.  Howley  accompanied  us,  and 
for  seventeen  days  we  worked  on  the  Cambrian  and  pre-Cambrian  formations 
about  Trinity  and  Conception  bays.  The  Lower  Cambrian  rocks  of  the  Smith 
Point  section  are  concealed  at  a  point  441  feet  beneath  a  thick  bed  of  limestone, 
characterized  by  the  presence  of  a  great  number  of  liyolithes  of  various  species 
and  by  Olenellus  and  Agraulos  in  its  upper  portion.  This  limestone  is  369  feet 
beneath  the  conglomerate  bed,  which  Mr  Matthew  places  at  the  base  of  the  Cam* 
brian  zone.}  East  of  the  interval  covered  by  soil  occurs  a  section  107  feet  thick 
that  evidently  belongs  to  an  older  series,  although  it  retains  the  same  dip  and 
strike  as  the  reddish  purple  and  green  shales  of  the  I^wer  Cambrian.  The  sec- 
tion ex))Osed  is  as  follows,  downward: 


•  Bull.  Geol.  Soc.  Am.,  vol.  10,  pp.  218-2*J0. 

t.4nnals  N.  Y.  Acad.  Sci ,  vol.  xii,  1890,  pp.  41-50. 

;  Ann.  Kept.  Nev  York  Acad.  Sci.,  vol.  xii,  1899,  p.  46,  and  seciion  fig.  3,  p.  48. 
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Fett 

a.  Sandy  shales,  witU  some  bands  of  arenaceo-argillaoeons  shales ;  a  thin  layer  of  ititerforma- 

tional  conglomerate  occurs  33  feet  from  the  bottom,  and  at  17  feet  from  the  lM)ttom  are 
some  calcareous  layers  and  nodules 51 

b.  Light  gray  quartzitic  sandstone  in  three  principal  layers,  22,  24,  and  20  inches  thick,  re- 

spectively       5J^ 

c.  Arenaceous  shales,  with  thin  layers  of  dirty  gray  sandstone ;  well  marked  annelid  trails 

occur  on  some  of  the  V>eds  of  sandstone  and  shale 61 

Several  hundred  feet  of  the  section  along  the  shore  are  here  concealed  by  drift, 
but  to  the  eastward  indurated  f^ray  sandstones  and  shales  show  in  the  cliffs  where 
they  are  broken  and  distorted  by  dikes  of  basalt. 

At  the  slate  quarries  east  of  Til  ton  head,  on  Smith  sound,  the  basal  beds  of  the 
Cambrian — green  and  reddish  purple  shales,  here  cleaved  into  slates— rest  on  a 
series  of  gray  sandstones  and  shales,  the  dip  and  strike  being  the  same;  but  with 
a  thin  bed  of  conglomerate  at  the  base  of  the  Cambrian.  The  pre-Canibrian  rocks 
are  considerably  faulted  and  folded,  but  they  are  not  the  Signal  Hill  sandstones  or 
conglomerates. 

We  next  crossed  to  the  south  side  of  Smith  sound  and  found  the  section  partly 
concealed.  Passing  around  Random  island  to  Hickmans  harbor,  on  Random  sound, 
a  section  was  found  east  of  the  harbor  showing  the  Signal  Hill  sandstone  and  con- 
glomerate, and,  resting  conformably  on  it,  a  series  of  sandstones,  quartzitic  sand- 
stone, and  sandy  shales  extending  up  to  the  base  of  the  Cambrian.  The  Cambrian 
section  extends  up  to  the  Hyolithes  limestone  of  the  Smith  Point  section.  For  the 
terranc  between  tlie  Signal  Hill  and  the  Cambrian  Mr  Howley  and  I  agreed  upon 
the  name  Random. 

At  Hickmans  Harbor  point  the  Signal  Hill  conglomerate  strikes  north  40  degrees 
east;  dip,  68  degrees  east.  At  the  summit  of  the  Random  terrane  the  strike  is 
north  50  degrees  east;  dip,  70  degrees  southeast.  The  section,  as  measured  by 
Mr  Howley,  is  as  follows,  downward: 

Cambiiian. 

Kandom  :  Feet 

1.  Reddish  gray  quartzitic  sandstone i),^ 

2.  Light  greenish  gray  flaggy  sandstones 3 

3.  Hard  gray  quartzitic  sandstone oV^ 

4.  Micaceous  gray  and  greeninh  flaggy  sandstones 68 

5.  Gray  sandHtonc^s Ifi 

f».  (fn'eni«h  and  hUuHh  gray  slaty  arenaceous  beds,  breaking  up   into  tine   simh's  in 

places 26 

7.  Pale  pinkish  quartaite  in  layers  1  to  3  feet 25 

8.  Reddish  brown  hard  sandstone , 21 

0.  Massive  bedded  white  quartzite 10 

10.  Massive  and  thin  bedded  hard  gray  Hamistones  and  shales 9(» 

11.  Darlc  gray  flaggy  sandstones r^ 

12.  Massive  bedded  wJiite  quartzite 63 

13.  Massive  bi^-dded  reddish  gray  quartzitic  san4l««tone 31 

415 

HlU.NAL    HiLIi   <'ON(JI.OMKRATK. 

In  number  4  of  this  section  I  found  several  varieties  of  annelid  trails,  including 
a  variety  about  5  millimeters  br^ad,  a  slender  form  i  millimeter  broad,  and  an 
annulated  trail  2  to  3  millimeters  in  width. 

There  is  a  fold  in  the  Random  rocks  of  the  section  forming  a  sharp  syncline 
and  anticline,  and  I  believe  that  a  portion  of  the  upper  part  of  the  Random  ter- 


RANDOM,    A   PBK-CAMBKIAN    UPPER   ALGONKIAN   TERRANE  5 

rane  is  &ulted  out  of  sij^ht.  On  the  opposite  or  eastern  side  of  the  synclhial 
basin  holding  the  Cambrian  rocks  the  Random  termne  appears  to  be  much  thicker, 
although  folded  and  repeated  several  times.  On  tlie  east  side  of  Trinity  bay,  at 
Hearts  Delight  harbor,  I  measured  the  following  section  of  the  Random  terrane 
without  reaching  down  to  the  white  quartzite  which  is  above  the  Signal  Hill  con- 
glomerate : 

Caxbriait  ;  basal  conglomerate. 

Ramdomtzsrank:  Feet 

1.  Fine  silicioas  conglomerate,  pafifting  down  ibto  thick  bedded  gray  and  greenish  gray 

compact,  hard  sandstones •. 45 

2.  Silicioas  and  sandy  shales,  flaggy  sandstones  with  thick  layers  of  sandstone  in  the 

upper  65  feet;  traces  of  annelid  trails  occur  on  the  surface  of  the  shaly  beds 225 

3.  Miissive  bedded  dark  gray  quartzitic  sandstones  with  a  few  bands  of  shaly  sand- 

'       stone  ;  strike  at  base,  north  fio  degrees  east ;  dip,  75  degrees  southwest 700 

Co!(CKALXD  BT  DBI7T. 

The  Random  terrane  is  probably  1,000  feet,  and  possibly  more,  in  thickness.  It 
fills  in  a  portion,  if  not  all,  of  the  eap  between  the  Signal  Hill  conglomerate  and 
the  Cambrian.  The  erosion  preceding  the  deposition  of  the  Cambrian  about  Trin- 
ity bay  appears  to  have  been  slight,  fis  the  conglomerate  resting  on  the  Random 
is  rarely  over  18  inches  in  thickness,  and  usually  much  less.  This,  however,  is  not 
a  safe  de<luction,  as  great  erosion  may  leave  but  slight  trace,  either  in  conglomerates 
or  in  apfxirent  nonconformity  in  the  dip  or  strike  of  the  strata. 

The  Random  terrane  is  considered  to  be  the  upper  member  of  the  Avalon  series.* 
Animal  life  existed  during  the  deposition  of  a  portion  of  it,  as  is  evidenced  by 
dearly  marked  annelid  trails.  A  collection  of  the  form  known  as  AspicUUa  terra- 
mrica  was  made  from  the  Momable  terrane  of  the  Avalon  series.  It  praved  the 
sapposed  fossil  to  be  a  spherulitic  concretion,  and  this  removes  it  from  among  the 
possible  pre-Cambrian  forms  of  life. 

PRE-CAMBRIAN  PETROQRAPHIC  PROVINCE  OF  THE  POX  RIVER  VALLEY, 

WISCONSIN 

BY   WM.    H.    IIOBB8   AND  C.    K.    LEITH 

WITH   AMALYtiIri    BY   W.    W.    DANIEI.U 

The  next  paper  was  presented  by  the  author,  as  follows: 

AGE  AND  DEVELOPMENT  OF  THE  CINCINNATI  ANTICLINE 
BY    AUG.    P.    FOERSTE 

Remarks  were  made  by  H.  S.  Williams  and  J.  M.  Clarke. 

In  the  absence  of  the  author,  the  following  paper  was  read  by  title  : 

LOWER  DEVONIAN  ASPECT  OF  THE  LOWER  HELDERBERQ  AND  0  RISK  ANY 

FORMA  TIONS 

BY   CHAULES  8CIIUCHERT 

This  paper  is  printed  in  full  in  this  volume. 

♦  See  Bull.  Geol.  Soc.  Am.,  vol.  10,  p.  219. 
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The  next  paper  was  entitled  : 

SILVBIAy-DEVONIAN  BOUNDARY  IN  NORTH  AMERICA 
BY   HBNKY   S.    WILLIAMS 

The  paper  was  presented  only  by  abstract,  and  was  discussed  by  J.  M. 
Clarke  and  J.  F.  Whiteaves  (a  former  Fellow  of  the  Society). 

The  following  paper  was  then  read : 

THE  SECTION  AT  SCHOHARIE,  NEW  YORK 
BY  JOHN  J.    STEVENSON. 

[Ahgtracf] 

The  village  of  Schoharie,  35  miles  southwest  from  Albany,  is  very  near  the 
mouth  of  Schoharie  valley,  au  indeiitaiion  of  the  Helderbei'g  mountains.  The 
section  in  the  hills,  l)ounding  the  valley  at  that  place,  extends  from  the  Hudson 
to  the  Hamilton,  and  is  so  well  exposed  in  detail  as  to  afford  means  for  comparison 
with  sections  obtained  in  southern  Pennsylvania,  as  well  as  in  Virginia,  within 
the  Appalachian  region. 

No  trace  of  either  Oneida  or  Medina  appears  at  Schoharie,  and  the  thin  eastern 
representative  of  the  Clinton  rests  on  the  Hudson.  In  this  re8{>ect  the  (^ndition 
differs  from  that  in  the  Shawangunk  mountains -the  southeasterly  horder  of  the 
Catskill  area — where  the  Oneida  is  a  massive  conglomerate.  The  contrast  with 
the  southern  sections  is  striking.  In  those  the  Hudson  passes  very  gradually  into 
the  red  or  lower  Medina,  as  is  seen  well  in  southern  Pennsylvania  and  still  hetter 
in  southwestern  Virginia.  Hhi/ncotrema  capax^  RaftneAqnirta  alttrntUa^  IHectamlxmiles 
sericeaf  Ambonychia  radiaia,  Avicula  eniacei-ataf  and  some  other  forms  continue  into 
the  red  Medina,  even  to  within  100  feet  of  the  white  Medina  in  the  moi-e  southern 
localities. 

The  Niagara  is  represented  at  Schoharie  by  the  Coralline  limestone,  al>oUt  6 
feet  thick,  containing  great  numbers  of  FavoMtea  niagarensus,  Sfromatopora  couven- 
trica,  and  a  few  mollusks.  This  dark  brown  limestone  is  succeeded  by  the  Water- 
lime,  in  all  alx)ut  40  feet  thick,  whose  lowest  portion,  about  6  feet  thick,  is  the 
well-known  '*  Cement  rock  "  of  Schoharie  and  Ulster  counties.  This  rock  is  of 
lighter  c»olor  and  very  different  composition.  In  a  great  part  of  tne  Appalachian 
region  the  Salina  shales,  often  several  hundred  feet  thick,  ai-e  seen  between  these 
rocks,  but  in  the  Schoharie  area  the  limestones  are  in  contact  and  the  change  in 
conditions  was  so  slight  that  the  Fav<wU»  and  other  forms  continued  into  the 
Waterlime,  the  coral  occurring  so  abundantly  in  r?ome  places  as  to  render  the 
**  Cement  rock  *'  worthless.  The  higher  part  of  the  Waterlime  is  flaggy  and  much 
of  it  thinly  laminated,  while  the  rock  becomes  more  calcareous. 

The  passage  to  Helderberg  is  marked  physically  by  a  complete  change  in  color,  the 
Waterlime  being  light  gray  and  the  Tentaculite,  the  lowest  division  of  the  Helder- 
berg, very  dark  blue;  yet  Spiri/tra  vayiujremi  and  Lcpt'rdilia  alta^  two  forms  charac- 
terizing the  Tentaculite  throughout,  occur  in  the  thicker  Ijeds  of  the  Waterlime. 

The  successive  divisions  of  the  Helderberg,  Tentaculite,  Lower  Pentamerus,  Del- 
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thyriStScntella,  and  Upper  Pentameriia — 45, 65, 95, 8,  and  22  feet  thick  respectively— 
are  very  distinct,  the  color,  texture,  and  composition  of  the  limestones  in  the  sev- 
eral divisions  l)eing  characteristic.  As  a  whole,  tiie  fauna  of  each  division  is  its  own, 
but  some  forms  pass  from  the  lower  Pentamerns  to  the  top,  while  each  division 
contains  a  greater  or  less  number  of  forms  found  in  that  below,  showing  that  despite 
the  sharp  physical  boundaries,  there  were  by  no  means  equally  abiiipt  changes 
affecting  animal  life.  Indeed,  those  forms  which  existed  throughout  show^  no 
differences  in  shape,  size,  or  markings,  such  as  would  enable  one  to  determine  the 
horison  whence  they  came.  This  appears  to  have  been  the  constant  condition 
throughout  the  Appalachian  region  as  far  as  Virginia,  for  the  divisions  are  char- 
acteristic of  the  section. 

The  contact  between  Helderberg  and  Oriskany  was  not  observed  anywhere  in 
the  neighborhood  of  Schoharie,  but  at  two  points  the  concealed  interval  is  not 
more  than  18  inches.  Apparently  the  change  from  one  to  the  other  is  as  abrupt 
as  is  possible.  The  Upper  Pentamerus  becomes  somewhat  flaggy  in  the  upper 
portion,  but  the  rock  is  a  rather  pure  limestone,  crinoidal  and  containing  many 
cyathophylloid  corals.  The  Oriskany,  however,  is  a  hard  sandstone,  slightly  cal- 
careous and  very  ferruginous.  It  is  thin  at  Schoharie,  barely  10  feet,  and  is  seldom 
seen  in  place,  its  ferruginous  matter  causing  somewhat  rapid  decay.  The  change 
in  composition  marks  a  physical  change  which  sufficed  to  cause  an  almost  com- 
plete change  in  fauna.  Only  Leptxna  rlwmhoidulis  and  EfHonia  miffularut  appear 
U>  have  passe<l  upward  from  the  Helderberg.  The  former  is  excessively  rare,  while 
the  latter  is  equally  rare  in  the  Helderberg. 

Here,  again,  one  finds  a  striking  contrast  with  the  southern  sections.  Not  only 
is  the  Oriskany  much  thicker  at  the  south,  hut  there  is  also  a  transition  from  the 
Helderberg  as  gradual  as  that  from  the  Niagara  to  the  Waterlime  at  S<;hoharie. 
Ill  southern  Pennsylvania  the  transition  bed  is  a  silicious  limestone,  well  shown 
at  Hyndman,  in  Bedford  county,  and  containing  Favosites  lieldei-ber^ise,  along  with 
characteristic  Oriskany  forms.  In  Maryland  the  Oriskany  yields  fine  crinoids, 
and  crinoidal  stems  are  common  in  Virginia.  These  are  unknown  in  the  Schoharie 
region.  Still  further  south  the  upper  beds  of  the  Helderberg  became  sandy,  and 
the  a<lmixture  of  Helderberg  forms  in  the  lA>wer  Oriskany  is  such  that  the  writer 
during  his  first  study  of  the  region  referred  the  beds  to  tlie  Helderberg. 

The  most  notable  differences  between  the  sections  are  the  gradual  transition  be- 
tween Ordovician  and  Silurian  and  between  Silurian  and  Devonian  at  the  south 
and  the  equally  gradual  passage  from  Niagara  to  Waterlime  at  the  north. 

Remarks  upon  Professor  Stevenson's  paper  were  made  by  J.  M.  Clarke, 
H.  S.  Williams,  I.  C.  White,  and  A.  F.  Foerste. 

'    The  next  paper  vras  read  by  title : 

THB  OZARKIAN  AND  ITS  siONJFICANCE  IN  THEORETIC  GEOLOGY 
BY   JOSBPH    LE  OONTE 

Tliis  paper  is  printed  in  the  Journal  of  Geology,  volume  vii,  pages 
525-544. 
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The  following?  paper  was  entitled  : 

OEOLOOICAL  RESULTS  OF  THE  INDIANA  COAL  SURVEY 
BY   GICOROE   II.    ARHLBY 

Contents 

Page 

Introduction 7 

Distribution  ftnd  clmnioter  of  the  conl  fields 7 

Stratigraphy K 

The  cohI  beds 9 

Structure 9 

Introduction 

Under  the  8U))ervi8ion  of  Mr  W.  S.  Blatchley,  State  Geologist  of  Indiana,  the 
coal  survey  of  the  state  was  started  in  August,  1896,  and  completed  early  in  1899. 
Associated  with  the  writer  in  the  field  work  were  Messrs  C.  E.  Siebenthal,  E.  M. 
Kindle,  J.  A.  Price,  J.  T.  Scovell,  and  Thomas  Watson. 

Distribution  and  Charactbr  of  thr  Coal  Fields 

Geographically  the  Coal  Measures  of  Indiana  are  part  of  the  eastern  central,  or 
Illinois,  hasin,  and  are  found  in  the  southwestern  part  of  the  state.  A  line  en- 
closing the  field  would  include  about  9,000  square  miles ;  but  actually  the  Coal 
Measures  cover  only  between  6,000  and  0,500  square  miles,  of  which  about  one- 
half  is  underlain  by  workable  coal. 

The  surface  features  of  the  coal  field  are  largely  of  the  flat  type,  common  to  the 
glacial  area  of  the  northern  central  states.  Exposures  of  the  country  rock  are  rare 
over  most  of  the  area,  and  exploration  is  mainly  by  the  drill.  The  southeastern 
part  of  the  field  is  outside  of  the  glacial  area  and  ranges  from  very  rugged  along 
the  eastern  edge,  where  the  heavy  basal  sandstone  outcrops,  to  flat  or  rolling  over 
most  of  the  area  to  the  west  where  shale  outcrops  predominate. 

Stratigkapiiv    • 

The  relations  of  the  Coal  Measures  to  the  Ix)wer  or  £o-carboniferous  are  those 
of  nonconformability.  An  uplift  seems  to  have  taken  place  toward  the  close  of 
the  Lower  Carboniferous  i)eriod,  most  noticeable  to  the  north,  which,  through  failure 
of  original  deposition  or  by  subsequent  erosion,  or  both,  resulted  in  the  absence  of 
the  up()ermost  beds  of  the  Ix)wer  Carboniferous  in  that  direction,  and  left  an  irreg- 
ular surface,  upon  which  the  Coal  Measures  were  laid  down. 

The  first  appearance  of  coal-forming  conditions  resulted  in  the  laying  down  of 
one  or  two  unimportant  beds,  which  to  the  north  are  generally  absent  or,  when 
found,  appear  to  be  confined  to  the  hollows  in  the  Lower  Carboniferous  surfat^e. 
Then  came  the  deiwsition  of  a  massive  sandstone  along  the  entire  eastern  edge  of 
the  present  coal  field.  This  sandstone,  which  is  occasionally  gritty,  is  the  equiva- 
lent of  theTottsville  conglomerate  series  of  Pennsylvania.  It  appears  to  have  been 
a  shore  deposit,  nut  underlying  the  main  body  of  the  Coal  Measures,  or  subse- 
quently removed,  from  the  fact  that  many  drillings  a  short  distance  west  of  its 
outcrop  report  only  shale  at  it«  horizon.  Between  this  basal  sandstone  and  the 
main  body  of  the  Coal  Measures  is  another  noticeable  nonconformity,  as  before, 
more  marked  to  the  north.     In  this  case  the  non-coal-forming  conditions  persisted 
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to  the  north,  while  several  hundred  feet  of  strata  and  many  coal  beds  were  being 
laid  down  in  the  sonthern  and  southwestern  part  of  the  field  before  the  coal-forni- 
\u)i  conditions  had  reached  the  present  northern  limits  of  the  troal  area.  Thin  hIow 
overlapping  from  the  southwest  towanl  the  east  and  north  was  one  of  the  most 
interesting  discoveries  made  by  the  survey.  At  the  extreme  north  coal  vi  is  found 
re$)ting  unconformably  on  the  basal  sandstone,  while  at  the  south  this  coal  outcrops 
20  or  30  miles  west  of  the  sandstone,  from  which  it  is  separated  by  over  a  dozen 
coal  beds  and  their  intervening  strata. 

It  would  be  out  of  place  here  to  go  into  the  detailed  history  of  the  laying  down 
of  the  main  measures,  though  a  large  number  of  interesting  features  were  worked 
out.  Nonconformities  occur  at  numerous  places  in  the  series  of  events,  usually 
with  erosion  levels  with  a  difference  of  less  than  20  feet.  In  one  case,  however, 
the  streams  eroded  their  channels  to  depths  of  up  to  nearly  200  feet,  cutting  out 
tiie  coals  and  other  strata.  These  channels  are  abundant  over  the  north  part  of 
the  field,  and  are  well  exposed  in  Parke,  Fountain,  and  Vermillion  counties,  due 
to  the  extensive  quarrying  of  the  sandstone  with  which  they  are  filled.  These 
channels  may  correspond  to  a  nonconformity  found  further  south  between  coals  via 
and  VI&,  or  to  one  existing  between  the  Coal  Measures  and  the  massive  Merom 
eandstone  which  overlies  them. 

Due  to  the  overlap  described,  the  thickness  of  the  Indiana  Coal  Measures  is  varia- 
ble, ranging  from  about  1,000  feet  in  the  southwest  to  only  a  few  hundred  feet  at 
the  north. 

The  Coal  Beds 

In  number,  as  high  as  17  beds  have  been  found  in  a  single  drilling,  with  a  total 
thickness  of  over  32  feet.  At  least  20  coal  horizons  outcrop,  and,  counting  the 
overlapped  beds  that  do  not  outcrop,  it  is  possible  many  other  horizons  exiot. 
Exact  information  about  the  lower  outcropping  coal  beds  might  increase  the  num- 
ber given,  as  the  persistence  of  the  lower  beds  is  assumed  and  not  real. 

In  extent  the  coal  horizons  vary  greatly.  Some  of  the  upper  horizons  are  thought 
to  have  been  traced  the  whole  length  of  the  coal  field.  Thus  what  we  have  called 
coal  VII  would  appear  to  have  been  a  practically  continuous  bed  from  the  Ohio 
river  to  where  its  outcrop  crosses  the  Illinois  line,  in  Vermillion  county.  In  the 
same  way  we  have  traced  the  horizon  of  coal  vi  continuously,  though  the  coal  is 
not  continuous.  To  the  south  it  runs  out,  to  the  north  it  becomes  pockety,  but 
between  are  two  basins  of  several  hundred  or  a  thousand  square  miles  each,  where 
the  coal  is  thick,  persistent,  and  extremely  regular  in  its  details,  clay  or  pyrite 
hands  from  a  fraction  of  an  inch  to  two  inches  thick  persisting  over  the  whole  of 
the  Ijaains ;  so  of  many  of  the  other  of  the  upj)er  coals,  and  also  the  accompanying 
beds,  especially  the  limestones. 

Going  down  to  the  horizons  of  coals  ii,  in,  and  iv,  the  coals  are  found  to  occur 
in  small  basins,  often  of  only  a  few  acres,  the  coal  running  from  3  to  5  feet  thick 
in  the  center  of  the  basin  and  often  running  down  to  as  many  inches  or  nothing 
over  the  elevated  divides  between  the  basins.  Yet  even  in  such  cases  it  is  often 
possible  to  trace  partings  and  other  minor  stratigraphic  details  of  the  coal  from  one 
basin  to  another  over  areas  of  several  hundred  square  miles.  Tlie  basin  structure 
in  most  of  these  cases  would  seem  to  be  due  to  the  irregularities  made  by  the  ero- 
sion of  the  subcoal  surfaces.  These  coals  tend  to  be  **  block  coals,"  havi  ng  a  remark- 
ably perfect  system  of  joint  planes,  besides  usually  being  non-caking. 

In  thickness  the  coals  range  up  to  10  feet.    Several  of  the  upper  beds  will  main- 
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tain  ft  nearly  uniform  thickness  of  from  4  to  6  feet  or  more  over  areas  of  several 
hundreii  square  miles.  The  lower  beds,  while  often  rea(*hing[  from  4  to  6  feet  in 
the  center  of  small  basins,  will  average  much  below  3  feet  on  account  of  their  thin- 
ness over  the  intervening  ridges. 

Structurk 

The  mi^or  structure  of  the  field  is  that  of  a  monocline,  the  dip  being  to  the  south 
of  west  in  the  northern  part  and  north  of  west  in  the  southern  part,  being  noticeably 
affected  by  the  thickening  of  the  strata  to  the  south.  The  dip  is  slight,  averaging 
about  24  feet  to  the  mile,  though  running  as  high  as  100  feet  to  the  mile. 

In  its  minor  structure  the  field  presents  a  great  variety  of  interesting  features- 
faults  of  many  types,  veins  of  clay,  sandstone  and  coal,  and  local  irregularities  and 
distnrbanoes  of  many  kinds.  Attention  has  already  been  called  to  some  of  these 
in  the  Proceedings  of  this  Society  and  of  the  Indiana  Academy  of  Science. 

Remarks  upon  Doctor  Ashley's  paper  were  made  by  J.  A.  Holmes, 
I.  C.  White,  J.  M.  Clarke,  the  President,  and  the  author. 

The  next  paper  was  entitled : 

CAPE  FEAR  SECTION  IN  THE  COASTAL  PLAIN 
BY  J.    A.    HOLMBS 

Remarks  were  made  by  E.  T.  Dumble. 
The  next  paper  was  read  by  title  as  follows  : 

OCCURRENCES  OP  CORUNDUM 
BY  J.    H.    PRATT 

The  last  paper  of  the  meeting  was  presented  informally  by  the  author, 
entitled : 

TRIASSIC  COAL  AND  COKE  OF  SONORA,  MEXICO 
BY   B.   T.    DUMBLB 

The  Santa  Clara  coal  field  of  Sonora,  Mexico,  is  situated  in  the  Yaqui  river 
drainage,  95  miles  northeast  of  Ortiz,  near  the  mining  town  of  I^  Barranca. 

The  region  is  mountainous.  Although  the  elevations  in  this  particular  area  are 
not  very  great,  there  are  mountains  on  the  north  and  east.  Aguja,  on  the  west, 
has  a  height  of  3,950  feet,  while  the  Carrizo,  which  is  still  higher,  is  on  its  north- 
erii  border.  Candel^ro,  another  large  mountain,  the  top  of  which  is  about  3,700 
feet  above  sealevel,  lies  between  Aguja  and  the  coal  field.  While  there  are  numer- 
ous peaks  and  high  points  scattered  over  the  coal  field,  that  portion  of  tlie  area  east 
of  Candel^ro  is  much  lower  than  that  west  and  is  partly  rolling,  partly  hilly.  Can- 
del6ro  trail,  which  may  be  called  the  western  border  of  the  developed  field,  is  over 
1,800  feet  in  height,  and  Tarahumari.  near  its  center,  1,170  feet,  while  La  Barranca 
in  the  west  is  2,000  or  over.  From  Tarahumari  east  the  slope  is  considerable  also, 
the  point  where  the  Calera empties  into  the  Yaqui  being  about  700  feet  above  tide. 

The  throe  principal  creeks  are  the  Arellanason  the  north,  Calera  in  the  center, 
ami  La  Barranca  in  the  southwest.     Tlie  Arellanas  and  La  Barranca  are  true 
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canyons — long,  narrow,  tortnous,  steep-Bideil,  and  with  many  falls.  Both  are  fed 
by  numerous  springs  and  carry  water  in  holes  the  year  round.  The  Arellanas  is 
much  the  larger  of  the  two. 

Unlike  these  creeks,  the  Calera  occupies  a  large  drainage  hasin,  and,  with  its 
natnerons  tributaries,  it  carries  off  the  water  of  several  square  miles.  Most  of  its 
branches  head  on  the  flanks  of  Candel^ro  or  in  the  ridges  which  are  the  continua- 
tion of  that  mountain  to  the  north  and  south.  Outside  of  a  few  springs  of  very 
moilerate  flow,  Calera  and  its  branches  are  dry,  except  during  the  rainy  season. 

Calera  basin  is  the  coal  field  proper,  and  was  named  from  one  of  the  principal  afflu- 
ents of  the  Calera,  the  Santa  Clara,  where  the  coal  was  first  discovered  and  worked. 

The  rocks  of  the  coal  region  are  Triassic  sands,  clays,  and  igneous  deposits,  with 
a  few  later  intrnsives.  A  short  distance  south  these  are  seen  to  rest  upon  syenites, 
referred  by  the  Mexican  geologists  to  the  Archean,  and  on  the  north  we  have, 
near  Los  Bronces,  similar  syenites,  and  a  series  of  interbedded  quartzites  and 
granular  limestones  provisionally  referred  to  the  Cambrian. 

The  only  literature  to  which  I  have  had  access  treating  on  the  general  geology 
of  this  rej?ion  is  the  report  by  Seflors  Jose  (t.  Aguilera  and  Ezequiel  Ordoflei.*  To 
the  facts  there  stated  I  added  .the  results  of  my  own  observations  in  a  paper  en- 
titled **  Notes  on  the  Geology  of  Senora,  Mexico."  f  •  Based  on  these,  the  Triassic 
here  is  separated  into  two  divisions : 

The  Barranca,  or  clastic  sediments ;  the  Lista  Blanca,  or  igneous  rocks. 

The  Barranca  division  is  compose^!  of  four  membere.  The  basal  is  a  series  of 
sandstones  and  sandy  slates ;  the  second  a  series  of  interbedded  shales,  slates,  and 
MindH,  with  occasionally  a  band  of  limestone  near  the  top  and  with  beds  of  graphite 
and  coal.  This  is  succeeded  by  a  massive  sandstone  or  quartzite  carrying  pyrites, 
which  often  segregate  in  patches  and  show  strong  colorings  of  iron  or  copper. 
The  upper  be<i  is  a  conglomerate  or  breccia  of  sandstone  with  a  silicious  matrix. 
This  is  almost  always  so  strongly  altered  as  to  be  of  the  natui^  of  a  quartzite,  and 
is  seemingly  unconformable  with  the  other  beds. 

Tbe  Lista  Blanca  division  is  a  volcanic  complex,  consisting  of  a  series  of  ande- 
Hitic  lavas,  agglomerates,  volcanic  conglomerates,  and  tuffs,  with  some  rhyolites 
toward  the  top.  These  are  found  resting  directly  upon  the  rocks  of  the  Barranca 
(livitiion,  and  further  north  they  underlie  the  Cretaceous  deposits. 

The  Triassic  ro<:ks  of  the  8anta  (ylara  coal  field  l>elong  to  the  second  series  of  the 
Barranca  division  and  to  the  Lista  Blanca.  The  beds  have  a  general  strike  north - 
east-Houthwest,  and  an  average  dip  of  30  degrees  southeast.  The  field  is  separated 
into  two  parts  by  a  band  of  the  overlaying  Lista  Blanca,  which  obscures  the  con- 
nection of  the  coal  beds  iii  the  two  areas. 

The  heavier  sands  are  usually  somewhat  uniform  and  persistent,  but  at  times 
they  show  considerable  variability.  They  comprise  conglomerates,  grits,  and 
medium  grained  sands,  their  massiveness  depending  largely  on  the  size  of  the 
grain.  They  are  usually  gray  in  color,  but  may  change  to  brown  within  a  few  feet. 
In  hardness  they  range  from  friable  sandstone  to  quartzite,  but  the  former  condi- 
tion is  rare.  They  are  somewhat  clayey  at  times,  and  when  these  clayey  sandstones 
are  metamorphosed,  as  they  often  are,  it  is  hard  to  tell  which  is  metamorphic  rock 
and  which  is  igneous.     Occasionally  the  imprint  of  a  branch  or  trunk  of  a  tree  is 
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seen  in  them  and,  more  rarely,  a  fragment  of  silicified  wood.  The  slates,  shales, 
and  finer  sands  which  make  up  the  other  beds  are  extremely  variable,  and  their 
characters  have  been  very  well  described  by  Agnilei-a.*  This  variability  makes  it 
extremely  difficult  to  trace  the  beds  with  certainty,  since  a  clay  slate  may  pass 
into  a  sandy  slate  or  bedded  sand,  or  a  sandy  slate  into  a  eoarae  massive  sandstone 
in  a  comparatively  short  distance. 

The  slates  are  extremely  rich  in  plant  remains,  which  are  well  preserved,  and 
many  of  them  very  beautiful.  So  far  as  I  know,  they  have  only  been  studied 
slightly  as  yet.  SeiXor  Aguilera  gives  a  list  of  those  noted  by  Doctor  Newberry 
and  a  few  others  determined  later,  and  I  sent  a  small  collection  to  Dr  I.  C.  White, 
which  was  given  to  Professor  Wm.  M.  Fontaine,  who  writes  me  as  follows: 

"  The  plants  that  Professor  White  sent'some  time  ago  as  comin«  from  you  and  obtained  in  Mexi»»o 
certainly  come  from  a  horizon  well  up  in  the  Mesozoie.  Moat  If  not  all  of  them  seem  t^  be  new 
Hpecies.  That  and  their  email  number  make  it  not  poM^ihle  to  give  with  certainty  the  exact  hori- 
Bon.  To  judge,  however,  from  them,  it  appears  to  be  the  uppermost  Trias  or  Rhetic.  They  im- 
press me  as  being  of  about  the  age  of  Newberry's  Abiqua  copper  mine  plants,  or  those  of  the  older 
Mesozoic  of  Virginia  and* North  Carolina.*' 

In  addition  to  these  plants  in  the  shale  and  thin  bedded  slates,  the  more  massive 
slates  carry  silicified  stems  and  branches  of  shrubs,  and  the  finer  grained  bedded 
sands  trunks  of  trees  up  to  more  than  a  foot  in  diameter.  In  grain  these  latter 
resemble  the  elm. 

None  of  the  beds  show  cross-bedding  to  any  extent. 

Each  prominent  bed  of  slate  and  shale  seems  to  have  one  or  more  seams  of  coal 
in  it,  and,  although  like  Triassic  coals  in  general,  the  deposits  may  be  more  or  less 
lenticular,  nearly  all  of  these  beds  are  workable  somewhere  along  their  extent  in 
this  territory. 

The  limestones  are  only  occasionally  present  and  generally  near  the  top  of  the 
division.    They  are  usually  very  argillaceous,  but  sometimes  more  calcareous. 

Only  a  few  localities  have  yielded  fossils  other  than  plant  remains.  Previous  to 
this  examination  the  only  marine  fossils  known  were  those  from  San  Marcial,  60 
miles  west  of  this  locality,  described  by  Meek  in  volume  1  of  the  Paleontology  of 
California.  So  far  I  have  not  found  here  the  forms  described  by  him,  but  in  a 
band  of  limestone  1  find,  as  imprints,  a  great  numl)er  of  other  forms  of  marine  in- 
vertebrates which  have  not  yet  been  studied. 

The  only  member  of  the  Lista  Blanca  present  in  this  immediate  field  is  tlie  heavy 
agglomerate,  the  basal  conglomerate  not  api)earing  unless  it  is  representeil  by  the 
ferruginous  qnartzitic  breccia  i)laced  in  the  Barranca  division.  It  presents  no  fea- 
tures different  from  those  already  described.!  It  lies  with  apparent  unconformity 
on  the  Barranca,  but  is  involved  with  that  division  in  its  various  flxeures. 

The  two  sections  given  represent  the  general  relations  of  the  beds  in  each  of  the 
two  areas  with  what  seems  to  us  the  probable  connection.  If  this  be»orrect,  they 
represent  fully  the  variability  of  the  beds  in  longitudinal  extent  as  described  by 
Sefior  Aguilera. 

The  regularity  of  these  beds  is  much  disturbed  by  intrusions  of  igneous  rocks. 
This  rock,  which  is  principally  trachyte,  has  been  forced  along  the  bedding  planes 
of  the  slate  or  between  the  slate  and  coal  for  long  distances.  In  places  it  may  he 
only  a  foot  or  two  in  thickness,  and  on  weathered  faces  so  closely  resemble  a  l)ed 

*Op.  cit. 
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of  Bandy  slate  that  its  presence  would  be  un8U8|)ected  until  it  thickens  suddenly 
into  a  laccolite  of  20,  30,  or  more  feet,  throwing  the  overlying  beds  entirely  out  of 
their  regular  course.  The  greater  part  of  the  flexures  of  the  area  are  due  to  such 
laccolites. 

The  largest  one  of  these  laccolites  is  an  intnision  of  diorite  just  west  of  Tara- 
hnmari.  It  has  a  length  from  north  to  south  of  nearly  half  a  mile  and  its  breadth 
in  but  little  less.  Its  thickness  is  more  than  100  feet.  It  lies  between  the  Tara- 
hnniari  sand  and  the  underlying  slate,  and  in  places  has  been  forced  between  the 
slates  as  well,  until  it  now  appears  to  he  intevbedded  with  them. 

Some  of  the  exposures  of  trachytic  rocks  look  very  much  like  sandstones,  and 
the  resemblance  is  heightened  by  the  pebbles  of  flint  (?)  and  of  graphite,  whicli 
they  often  carry  in  considerable  numbere. 

While  the  intrusive  rock  probably  passes  from  one  bed  of  slate  to  another,  only 
one  or  two  such  breaks  have  been  observed  here.  It  is  on  account  of  this  inter- 
bedded  condition  that  the  coal  beds  of  this  area  are  workable,  and  to  it  is  largely 
due  the  presence  of  workable  beds  of  coke. 

While  some  of  the  coal  has  a  bituminous  structure,  analyses  show  that  it  is  all 
anthracite.  It  breaks  with  square,  even  fracture,  has  splendent  luster,  black 
l>owder,  and  is  not  as  hard  as  Pennsylvania  anthracite.  It  contains  from  4  to  8 
percent  moisture  and  about  the  same  percentage  of  ash.  The  volatile  hydrocar- 
bons are  under  5  per  cent,  and  the  fixed  carbon  ranges  from  76  to  85  per  cent. 
Such  tests  as  have  been  made  in  burning  it  have  shown  very  good  results ;  specific 
gravity,  1.70  to  1.75. 

The  coke  is  dark  gray  to  grayish  black  in  color,  metallic  to  submetallic  luster, 
breaks  with  even  fracture,  and  shows  columnar  structure  like  oven  coke.  Powder 
black;  pores  smaller  and  coke  denser  than  most  oven  coke.  In  places  it  appears 
lamellar,  as  if  pressure  had  flattened  the  walls  of  the  pores.  It  is  a  good  fuel  in 
blacksmith  forge,  open  fire,  or  assay  furnace,  burning  steadily  without  deflagration, 
and  will  probably  be  entirely  satisfactory  for  all  metallurgical  uses,  except  such  as 
may  require  a  greater  porosity. 

The  coke  is  simply  a  local  condition  of  the  coal,  largely  due  to  the  presence  of 
the  igneous  rock  in  immediate  proximity  of  the  bed. 

In  two  of  the  principal  openings  on  the  coke  the  igneous  rock  practically  foruis 
the  roof,  and  in  a  third  instance  it  forms  the  floor  of  the  seam.  In  these  openings 
there  are  oc^casional  inclusions  of  the  igneous  lock  in  the  coke,  and  there  are  other 
plat-ea  where  it  thickens  and  cuts  the  coke  out  almost  entirely.  The  plastic  nature 
of  the  igneous  rock  at  the  time  of  its  intrusion  is  shown  by  the  way  in  which  the 
coke  is  mixed  through  it  in  these  horses,  if  they  may  be  so  called,  and  also  by  the 
presence  in  the  same  intrusive  rock,  in  other  exposures,  of  fragments  of  graphite, 
which  represent  the  passage  of  the  plastic  material  along  or  through  some  coal  bed. 

In  other  l)eds,  however,  coke  appears  without  any  igneous  rock  near  it,  so  far  as 
we  can  find.  In  one  seam  of  anthracite,  which  has  a  thickness  of  4  feet,  we  find 
pockets  of  coke  near  the  center,  and  in  one  coke  bed  we  find  pockets  of  anthracite 
near  the  base.  In  two  or  three  beds  we  fiml  both  coke  and  anthracite  present,  but 
indifferent  benches.  In  one  case  there  is  a  clay  parting  3  inches  thick  between 
the  coke  and  underlyinir  anthracite,  but  in  the  others  no  parting  is  found,  and  in 
one  the  anthracite  is  on  top  and  coke  below. 

In  one  coke  bed  there  is  some  ten<len('y  to  concentric  structure,  and  kidneys  or 
eggs  of  coke  are  scattered  through  the  more  massive  material. 

In  the  vicinity  of  San  Xavier  and  Los  Bronces,  north  and  east  of  here,  some 
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work  has  been  done  on  seams  of  coal  of  Triassic  ajre.  One  mine  wliich  I  visited 
showed  a  bed  of  8  feet  of  jjood  coal  with  a  narrow  slate  parting.  Another  had  10 
feet  of  coal,  nnich  of  which  was  of  concentric  structure,  shelling  out  into  "eggs  " 
of  greater  or  less  hardness. 

To  the  east  of  San  Marcial,  which  is  35  miles  northeast  of  Ortiz,  some  work 
has  been  done  on  supposed  coal  beds.  After  cleaning  out  some  of  the  old  works 
I  found  the  beds  to  have  a  very  black,  bright  appearance,  looking  like  a  fine  face 
of  anthracite.  All  efforts,  however,  to  burn  the  supposed  coal  were  fruitless. 
When  put  in  the  fire  it  would  on  becoming  hot  deflagrate  violently,  scattering; 
burning  s))arks,  which  w^ere  simply  very  fine  scales  of  the  red-hot  material,  for 
several  feet.  On  falling  they  would  quickly  become  black  again,  and  it  was  rare 
that  we  could  get  a  fragment  to  show  any  ash  at  all.  Whatever  value  it  may  have 
in  other  ways,  as  a  fuel  it  was  a  fiat  failure.  If,  on  further  examination,  this  siiouUl 
prove  worthy  of  a  name  among  minerals,  I  would  suggest  the  name  of  *'  garciaite/' 
from  the  owner  of  the  concession  on  which  I  first  examined  it.  Later  I  found  the 
same  material  in  beds  of  the  same  age  in  the  WheUstone  mountains  of  Arizona. 

The  only  coal  found  in  my  work  around  San  Marcial  was  in  the  vicinity  of  Kl 
Salto.  The  only  bed  I  saw  there  was  fair  coal,  but  thin.  It  burned  all  nght, 
although  the  ash  was  considerably  heavier  than  that  in  the  Santa  Clara  coals. 

The  President  declared  the  meeting  adjourned. 
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Introduction 

Oaiiu  i«  one  of  the  newly  annexed  Hawaiian  islands.  It  possesses  the 
l>est  harbor  in  the  whole  group,  and  is  therefore  the  most  important  loca- 
tion for  business,  the  chief  city,  Honolulu,  containing  40,000  inhabitants 
and  being  situated  about  2,100  miles  southwesterly  from  San  Francisco. 
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The  city  is  surrounded  by  an  interesting  group  of  extinct  secondary 
volcanoes,  resting  on  ancient  basaltic  flows  and  adjacent  to  a  coral  reef 
which  girdles  the  whole  island. 

First  discovered  in  the  fourteenth  century,  the  islands  were  rarely  seen 
by  civilized  people  before  1820,  since  which  time  visits  of  investigation 
have  gradually  become  quite  numerous.  A  multitude  of  allusions  to 
volcanic  or  coralline  formations  are  made  in  the  writings  of  travelers, 
historians,  and  missionaries,  such  references  being  primarily  to  the  exist- 
ing active  volcanoes  on  the  island  of  Hawaii  and  sparingly  to  the  phe- 
nomena on  Oahu,  all  of  which  will  be  passed  by  in  this  sketch  and 
mention  made  only  of  several  important  publications. 

My  observations  were  made  in  1883, 1886,  and  during  a  year's  residence, 
commencing  September  1,  1898.  The  present  sketch  is  complete  to  the 
extent  of  the  author's  information,  but  the  work  done  has  not  been 
equally  distributed  over  the  island.  The  part  most  fully  investigated 
was  the  neighborhood  of  Honolulu  and  the  line  of  the  Oahu  Railway 
and  Land  Company. 

Literature 

The  earliest  publication  cited  is  that  of  the  United  States  Exploring 
Expedition  under  Captain  Charles  Wilkes,  in  1841,  and  of  which  J.  D. 
Dana  was  the  geologist.  His  report  appeared  in  1849.  The  same  author 
visited  the  island  again  in  1887,  and  adds  to  his  early  observations  in 
papers  published  shortly  afterward  in  iln.^  AeultIcmu  Jt>uriial  uf  SdtnR-e 
and  in  "Characteristics  of  Volcano*.:^,"  imi  In  1856  W.  L.  Green 
published  in  the  Sandwich  Island  Monthly,  fur  Juno,  a  |mper  enUtM 
"  Extinct  Craters  of  Oahu."  Refereiict-Ji  lu  Lhi.'^  i^huid  will  ho  fourjd  alsu 
in  part  II  of  his  book,  "  The  Vestiges  uf  tlie  Molton  CUobe^'  ISSL  In 
the  Memoirs  of  the  Boston  Society  of  Natural  History,  lH(i8,  Williitm  T. 
Brigham  has  devoted  several  pages  to  the  genlogy  of  tfiis  island*  CiipUiii 
C.  E.  Dutton  studied  the  geology  of  Oahu  in  1882,  and  hia  account  *ij 
published  in  the  Fourth  Annual  Report  of  the  United  Statt^<"  GeolopcAlj 
Survey,  1882-1883.  Important  suggestions  have  \n*m\  presentwi  hf 
Professor  W.  D.  Alexander,  surveyor  ^en end  of  the  Ilftwuiiiin  ibl-* 
by  Professor  A.  B.  Lyons,  of  Oahu  Colle^^e,  Doctor  Wnlier  Max^^.u  . 
printed,  under  the  auspices  of  the  Su^^^ar  Planlerw'  ArtSrjciati(>in  l^^*'*'i 
treatise  on  the  "  Lavas  and  Soils  of  the  iiawaiian  lBlarid.'<[|"di^rivilitf  iiJanj^ 
facts  from  Oahu. 

The  topography  of  our  map  is  based  on  the  excellmU  iiitp  atl| 
published  by  Professor  W.  D.  Alexaadtr  in  1881^  oil  l*^''^ 

Samples  of  the  rocks,  minerals,  and  foysils  ab 
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which  were  collected  by  the  author,  under  the  direction  of  Professor 
G.  P.  Merrill,  Curator  of  Geology  of  the  National  Museum,  will  be  found 
in  the  collections  of  that  institution. 

Hawaiian  Archipelago 

The  Hawaiian  archipelago  is  fully  1,725  miles  in  length,  extends  from 
longitude  155*^  to  180^  west,  and  includes  many  shoals  and  small  islands 
usually  overlooked  by  geographers.  These  islands  are  central  in  the 
great  network  of  ocean  highways  between  North  America  on  the  east 
and  Asia,  with  its  islands,  on  the  west.  Commencing  with  the  one  most 
remote,  the  following  is  the  order,  passing  from  the  northwest  to  the 
southeast : 


Ocean  island. 

Nihoa  or  Bird  island 

Midway  island. 

Lehaa. 

Gambia  shoal. 

Niihaii. 

Pearl  and  Howes  reef. 

Kaula. 

Lisiansky  island. 

Kauai. 

Laysan  island. 

Oahu. 

Marc  reef. 

Molokai. 

Gardners  island. 

I^nai. 

Unname<i  shoal. 

Maui. 

French  Frigate  shoal. 

Kahoolawe. 

Neckers  island. 

Molokini. 

Frosts  shoal. 

Hawaii. 

About  half  of  this  list  is  what  are  termed  low  islands,  and  these  lie  to 
the  northwest  of  the  high  islands.  A  limited  number  of  soundings  indi- 
cate that  the  archipelago  rises  from  a  plateau  18,000  feet  below  the  sur- 
face of  the  sea,  so  that  if  the  water  were  removed  there  would  be  seen  a 
range  of  mountains  from  18,000  to  32,000  feet  high.  The  peaks  would 
appear  more  slender  than  the  needles  of  the  Alps. 

It  is  supposed  that  each  of  these  eminences  started  from  the  ocean 
bottom  as  an  igneous  outburst.  In  case  the  lava  continued  to  flow  till  a 
submarine  mountain  was  built  up  sufficiently  near  the  surface  to  allow 
the  peaceable  growth  of  coral  polyps,  there  would  have  been  superposed 
on  the  top  of  the  mound  limestones  of  organic  origin  more  or  less  ex- 
tensive, according  to  circumstances.  After  the  establishment  of  the  coral 
reefs,  in  case  the  islands  sank  gradually,  as  is  assumed  on  the  theory  of 
Darwin  and  Dana,  the  limestone  would  have  continued  to  develop  up- 
ward, thus  presenting  columns  of  calcareous  matter  many  thousand 
feet  high.  If  the  subsidence  were  rapid  the  animals  would  have  ceased 
to  exist  as  soon  as  they  reached  unfavorable  conditions,  and  there  would 
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have  remained  a  submerged  conical  peak.  It  is  obvious  that  there  may 
be  every  variety  of  development  from  the  needles  that  do  not  reach  the 
surface,  to  low-lying  shoals,  reefs,  and  to  Hawaii,  14,000  feet  above  the 
sea.  Inasmuch  as  the  living  volcano  is  found  at  the  extreme  southeast 
end  of  the  group  and  the  islands  toward  the  northwest  consist  of  basalt, 
capped  by  craters  or  show  evidence  of  long-continued  erosion,  it  is  be- 
lieved these  last  are  older.  Thus  Ocean  and  Midway  islands  had  their 
bases  established  long  before  the  high  islands  of  Oahu  and  Maui  began 
to  be  formed,  and  in  a  general  way  the  growth  of  the  islands  has  been 
from  the  northwest  to  the  southeast.  If  the  Darwinian  view  of  the  long- 
continued  subsidence  of  coral  islands  is  accepted,  it  may  be  that  the 
remote  series  of  reefs  and  shoals  represent  the  tops  of  high  islands  6  or  8 
miles  above  the  submarine  plateau.  For  our  present  purpose  it  is  only 
necessary  to  say  that  the  origin  and  development  of  Oahu  has  been  in- 
termediate between  the  earlier  and  the  later  islands.* 

Topography 

Oahu  has  an  area  of  about  600  square  miles,  one-eleventh  of  that  of 
the  whole  archipelago,  and  in  form  is  an  irregular  four-sided  figure,  with 
a  diameter  of  46  miles  in  a  northwesterly  direction  from  Makapuu  to 
Kaena  point.  The  distance  from  Barbers  to  Kahuku  point,  east  of 
north,  is  30  miles.  At  Honolulu  a  northeast  line  is  only  9  miles  long 
from  tide  to  tide.  The  extreme  easterly  point  has  the  longitude  of 
157°  38'  east;  the  extreme  westerly  point  has  the  longitude  of  158°  17'. 
The  extreme  latitudes  are  21°  15'  and  21°  43'  north.  The  land  rises  to 
two  mountain  ranges  nearly  parallel  to  each  other  and  to  the  northeast 
and  southwest  shores  of  the  island.  The  larger  eastern  one,  which  is  37 
miles  long,  is  called  Koolau.  The  smaller,  21  miles  long  and  opposite 
the  western  shore,  is  called  Kaala.  Great  subaerial  erosion  has  produced 
ragged  precipitous  faces  on  the  seaward  sides  of  these  ranges,  but  the 
interior  slopes  are  gentle,  the  height  of  Kokoloea,  the  saddle  between, 
being  888  feet.  The  highest  point  in  the  Koolau  range  is  3,105  feet; 
that  in  the  Kaala  is  4,030  feet.  The  interior  gentle  slopes  have  been  cut 
by  canyons  perhaps  400  feet  deep  at  the  outer  edge  of  the  plateau. 

Several  years  since  the  author  constructed  a  rude  relief  of  Oahu  biused 
on  approximate  contours  furnished  by  Professor  Alexander.    This  relief 

*  Botanical  evidence  furnixheB  additional  proof  of  the  greater  antiquity  of  the  more  northwestern 
islands,  for  the  flora  of  Hawaii  in  the  poorest  and  most  uniform,  while  that  of  Kauai  is  the  richei<t 
and  most  individualized  in  species,  and  in  jceneral  the  plants  on  the  intervening  islands  follow  the 
same  ratio,  allowing  for  the  greater  diversity  of  climate  afforded  by  elevation.  W.  F.  Hillebrand  : 
Flora  of  the  Hawaiian  Islands,  1888,  p.  xxli.  Other  proofs  leading  to  the  same  conclusions  may  be 
derived  from  the  study  of  the  Aclmtinellidte,  as  commenced  by  John  T.  Ciulick  and  Alpheus  Hyatt. 
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has  been  reconstructed  recently  on  the  scale  of  jraiinf  horizontally  and 
twrice  as  much  vertically.  It  has  been  impossible  to  photograph  this 
relief  for  this  paper,  as  intended.  In  its  place  plate  1  is  introduced, 
which  will  indicate  the  location  of  the  localities  alluded  to  sufficiently 
for  our  present  purposes.  Besides  the  features  already  mentioned,  one 
may  observe  the  low  calcareous  shelf  skirting  the  island,  mainly  of  coral 
origin.  This  is  broadest  in  the  Ewa  district,  where  is  situated  the  famous 
Pearl  River  harbor,  and  narrowest  at  the  northwest  and  southeast  points 
of  the  island.  This  low-lying  area  represents  that  part  of  the  island  at 
present  capable  of  sustaining  sugar  and  other  agricultural  industries,  all 
of  them  dependent  on  irrigation.  The  more  elevated  regions  are  but 
slightly  utilized  for  grazing  purposes. 

Kaala  Range 

Commencing  with  the  older  volcanic  mass,  mention  will  be  made  in 
detail  of  its  physical  features,  as  may  be  gathered  from  the  large  map 
published  in  1881.  Starting  at  its  southern  extremity,  the  first  promi- 
nent peak  is  Manawahua,  2,430  feet.  The  ground  rises  gradually  from 
the  south  and  southeast  sides,  but  more  abruptly  on  the  west.  The 
following  represent  the  order  and  altitudes  of  the  summits :  Manawahua 
first,  then  at  a  distance  of  a  mile  and  a  half,  Maunakapu,  2,740  feet ; 
unnamed  signal  station,  3,110  feet ;  Pohakea  pass,  1,870  feet ;  Puu  Kaua, 
3,105  feet;  Kanehoa, 2,720  feet,  with  a  long  spur  to  the  northeast  called 
Maunauna,  1,772  feet ;  Hapapa,  2,878  feet ;  Kolekolepass,  1,590,  in  which 
is  located  the  road  to  Waianae ;  Kamakalii ;  Kalena ;  Kaala,  3,686.  This 
is  the  central  peak  in  the  range,  the  very  highest  point  being  a  mile  far- 
ther west,  4,030  feet,  the  beginning  of  the  long  northwest  spur,  Kamao- 
hanui.  Special  altitudes  for  the  rest  of  the  range,  9  miles,  to  Kaena 
point  are  not  given,  but  the  descent  is  gradual,  falling  to  about  800  feet 
at  the  bluff  a  short  distance  back  from  the  railroad. 

Five  prominent  ridges  divide  the  western  part  of  the  Kaala  area  into 
six  deep  valleys,  named  successively  Nanakuli,  Lualualei,  Waianae, 
Makaha,  Keaau,  and  Makua.  The  largest  of  these  measures  6  miles 
from  the  crest  of  the  ridge  to  the  seashore,  and  3i  miles  in  width.  Each 
of  these  valleys  has  been  excavated  by  running  streams  in  the  usual 
manner  of  subaerial  erosion  in  elevated  plateaux.  The  valleys  are  fertile, 
fitted  for  the  cultivation  of  sugar  and  coffee.  If  our  attention  is  not  too 
much  taken  by  these  secondary  mountainous  spurs,  one  will  observe  the 
presence  of  a  precipitous  escarpment  on  the  seaward  side  of  the  central 
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range,  corresponding  to  a  longer  cliff  or  pali,  as  it  is  called  in  Hawaiian, 
on  the  east  side  of  Koolau.  Plate  2  illustrates  the  flutings  or  valle3's 
of  erosion  made  l)y  existing  streams  on  the  side  of  the  Kaala  pali. 

KooLAU  Range 

The  mountains  in  the  larger  eastern  district  are  arranged  naturally 
by  their  drainage  into  two  parts,  so  obvious  as  to  have  received  distinct 
Hawaiian  names.  The  more  northwesterly  part  is  Koolauloa,  about  15 
miles  long,  reaching  to  the  peak  named  Kaumakua.  The  drainage  on 
the  interior  side  is  entirely  to  the  north.  The  other  section,  called  Koo- 
laupoko,  is  22  miles  long,  with  its  interior  drainage  directed  into  the 
Pearl  Harbor  system,  except  the  southeastern  part,  where  the  streams 
flow  directly  into  the  sea. 

The  extreme  northwesterly  point  of  Koolauloa  is  Kakuku,  where  are 
interesting  limestones  to  be  described  later.  The  valleys  become  more 
pronounced  to  the  southwest,  and  at  Waimea  bay  is  a  considerable  canyon 
fully  400  feet  deep,  with  many  branches  high  up.  Three  or  four  large 
canyons  converge  and  discharge  in  two  adjacent  channels  at  Waialua,  and 
they  drain  also  the  northeast  slopes  of  Kaala.  The  longest  of  the  Waialua 
series  of  canyons  commences  on  the  north  flank  of  Kaumakua  and  is  16 
miles  long.  Tlie  sloi)e  may  be  from  3  to  5  degrees  to  the  north  from  the 
axis  of  the  range,  making  an  inclined  plateau  which  has  been  cut  into 
several  ravines.  The  greater  part  of  this  plateau  has  rarely  been  visited. 
It  is  noticeable  that  the  western  slope  of  Koolauloa  is  continuous  to  tlie 
very  base  of  Kaala  on  the  Waialua  side.  The  same  is  true  of  the  southern 
slope  toward  Ewa,  with  its  canyons.  The  largest  of  these  gorges  passes 
through  the  Oahu  sugar  plantation.  Only  one  altitude  is  given  for  any 
of  the  Koolauloa  peaks,  which  is  2,360  feet  at  the  summit,  a  short  distance 
north  of  Kaumakua,  and  the  descent  from  here  to  the  limestone  cliff  at 
Kahuku  is  gradual.  From  Kahuku  along  the  northeast  shore  the  ground 
is  low  and  flat  to  beyond  the  village  of  Laie.  Off  the  shore  are  several 
small  limestone  islands.  There  are  as  many  as  six  large  valleys  with 
steep  sides  between  Laie  and  the  end  of  the  Koolauloa  region.  These 
are  Kaipapau,  Haaula,  Kaluwaa,  Punaluu,  Kahana,and  others.  Kalu- 
waa  presents  vertical  walls  rising  a  thousand  feet  in  pinnacles,  a  cascade 
at  the  end,  and  the  "  canoe,''  a  smooth  cylindrical  shaft  30  or  40  feet  in 
diameter,  3(X)  feet  high,  and  resembling  a  canoe  standing  on  end.  There 
is  another  longer  channel  a  mile  beyond,  diminishing  in  rise  upward  at 
the  top  of  the  cliff,  a  thousand  feet  high.  Both  these  grooves  are  the 
work  of  streams. 
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Koolaupoko  coniinences  on  the  souttiern  flank  6f  Kaumakua,  with 
similar  high  cliffs  extending  to  the  sea  and  making  batttements,  alcoves, 
and  temples  as  before.  Kualoa  is  the  extreme  point,  from  which  the 
shoreline  runs  westerly,  and  thus  takes  a  southeast  course  for  about 
10  miles  before  bending  back  again  to  make  Mokapu  point.  Waikane 
is  an  important  valley  close  to  the  beginning  of  Koolaupoko.  For  a 
dozen  miles  against  Koolau  bay  the  land  is  mostly  low  and  is  adja- 
cent to  the  Pali ;  but  low  ridges  on  it  show  that  here,  at  right  angles 
to  the  cliff,  are  the  same  transverse  valleys  as  at  Waianae.  Such  names 
as  Waiahole,  Kaalaea,  Kahaluu,  Heeia,  and  K^^neohe  indicate  their 
presence. 

Starting  at  the  beginning  of  the  elevated  range,  the  first  peaks  are  un- 
named and  unmeasured,  except  one  at  the  head  of  Haldiv^a  valley,  which 
is  given  as  2,800  feet.  At  the  head  of  Moanalua  valley  (west  side)  there 
is  a  gap,  the  first  important  one  thus  far  seen  all  the  way  from  Kahuku. 
A  second  gap  is  at  the  head  'of  Kalehi  valley,  not  much  above  1,300 
feet,  and  the  third  is  at  the  Pali,  1,207  feet,  the  only  place  crossed  by  a 
wagon  road  the  whole  length  of  Koolau.  Lanihuli,  2,775  feet,  is  the 
mountain  north,  and  Konahuanui,  3,105  feet,  the  highest  peak  in  the 
whole  eastern  section  of  the  island,  lie  to  the  south  of  the  gap.  Other 
peaks  are  Olympus,  Lanipo,  and  Puuokona,  before  coming  to  the  ter- 
minal cliff,  642  feet  high,  at  Makapuu  point.  Two  well  marked  ridges 
cross  the  platform  on  the  east  side.  From  Konahuanui  a  mountainous 
spur  runs  northeasterly  across  to  Kaneohe  pointy  more  than  7  miles  in 
length,  with  the  following  named  peaks  :  Ulumawao,  Kalahao,  Kaaluala, 
and  the  crater  at  the  end.  A  spur  of  less  dimensions  leaves  the  main 
range  at  the  head  of  Palolo  valley — Lanipo.  It  is  worn  down  almost  to 
tlie  level  of  the  plain  near  the  Pali,  say  300  feet,  and  then  rises  to  Olo- 
mana,  1,643  feet,  one  of  the  finest  needle  peaks  seen  anywhere  on  the 
island  (plate  3),  To  the  southeast  is  the  large  triangular  valley  of 
Waimanalo. 

On  the  south  side  of  Koolaupoko  there  are  nearly  20  canyons  of  ero- 
sion within  the  space  of  19  miles  between  Makapuu  point  and  the  west- 
ern section  of  the  Honolulu  sugar  plantation,  where  the  sotitherly 
sloping  plateau  succeeds.  Those  in  Maunalua  next  Makapuu  point  are 
short  and  unnamed.  In  Niu  larger  ones  succeed,  but  are  without  names 
on  the  map,  except  Wailupe,  3  miles  long.  Then  follow  Palolo,  Manoa, 
Panoa,  Nuuanu,  Kalihe,  two  branches  of  Moanalua,  two  branches  of 
Halawa,  and  Kalauao.  There  is  an  interesting  series  of  small  canyons 
cutting  the  long  sloping  plateau  in  the  higher  parts  of  the  Ewa  district, 
affording  what  is  sometimes  styled  the  arborescent  style  of  drainage,  and 
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discharging  into  the  Pearl  River  lagoon,  and  also  into  the  ocean  at  Waia- 
lua  (see  plate  1). 

Geomorphy 

Within  the  two  mountainous  areas  now  outlined,  the  foundation  rock 
everywhere  is  basalt,  disposed  in  layers  dipping  quaquaversally  from 
the  central  lines.  Kaala  was  an  elliptic,  Koolau  an  elongated  dome, 
each  with  its  seaward  sides  sharply  incised  by  canyons,  and  both  joined 
together  by  a  later  formed  plateau,  sloping  both  northerly  and  southerly. 
Dana  calls  Oahu  a  "  volcanic  doublet,''  the  united  work  of  two  great 
volcanoes  which  have  been  so  greatly  eroded  that  the  proper  position  of 
their  craters  is  now  conjectural.  This  view  is  confirmed  by  a  comparison 
with  the  island  X  Maui,  where  one  of  the  volcanic  masses  has  suffered 
but  slightly  from  erosion  and  the  connecting  plain  is  nearly  at  the  sea- 
level.  Assuming  that  there  were  originally  two  volcanic  domes,  with 
layers  dipping  outwardly  from  5  to  10  degrees,  it  remains  to  apply  the 
principles  of  geomorphy  to  explain  their  present  forms  and  their  relative 
ages.  These  principles  were  admirably  set  forth  by  Professor  Dana  in 
his  report  on  the  origin  of  the  valleys  and  ridges  of  the  Pacific  islands.* 
Tlie}'  have  been  applied  later  to  Oahu,  more  especially  by  Captain  C.  K. 
Dutton.  t 

In  the  volcanic  islands  of  the  Pacific  the  original  form  of  the  land 
was  that  of  a  dome,  consisting  of  biusaltic  layers  of  variable  hardness, 
whether  solid,  vesicular,  or  agglomeratic,  and  sloping  gently  outward  in 
all  directions.  An  abundant  rainfall  is  assured  by  the  contact  of  the 
moist  air  of  the  trade  winds  with  the  elevated  ma.ss  of  land.  The  re- 
sultant streams  wear  out  canyons  radiating  from  the  centers  or  branch- 
ing from  axial  lines  of  elevation.  Of  the  two  erosive  forces,  disinttj^ni- 
tion  and  transi)ortation,  the  latter  is  the  most  effective  in  these  volcanic 
layers,  which  appear  almost  like  the  strata  of  sediments.  In  case  the 
rainfall  is  unequally  distributed  on  the  flanks  of  the  elevation,  the  amount 
of  erosion  will  vary,  as  may  be  seen  in  the  number,  shapes,  and  depths 
of  the  valleys  excavated. 

Because  the  transi)orting  i>ower  of  water  is  greater  where  the  slopes  are 
steep,  the  valleys  become  larger  in  their  upper  reaches,  portions  of  the  di- 
viding ridges  disappear  and  amphitheaters  result;  outliers  shape  them- 
selves out  of  the  original  plateau  and  at  the  confluence  of  tributaries; 
the  spaces  between  the  streams  narrow  to  knife  edges  or  may  disappear; 
the  walls,  originally  vertical,  change  to  slopes  through  the  separation 

♦  r.  .S.  Kxploriug  ExpiMlition,  Neology,  pp,  371KW2. 
t  Fourth  Ann.  U*iport  V.  S.  <ft'ologi<'al  Survey. 
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of  blocks  by  gravity,  which  form  a  talus  at  the  bases  of  the  cliSs.  Al- 
though frost  is  absent,  so  easily  are  the  fragments  separated  because  of 
the  character  of  the  rocks  that  the  excavation  is  as  eflTective  as  in  colder 
climates  on  the  more  durable  ledges.  In  the  lower  reaches  the  streams 
take  winding  courses,  and  thus  act  laterally  against  the  sides,  widening 
the  bases. 

The  Koolau  area  is  the  easiest  on  Oahu  to  understand.  From  the  de- 
tails already  presented  it  is  seen  to  be  elliptical,  nearly  40  miles  long,  and 
deeply  eroded  along  its  seaward  face,  with  many  amphitheaters,  outliers, 
and  especially  the  long  cliff  opposite  Kaneohe  bay.  There  has  been  great 
excavation  along  the  western  side  of  Koolaupoko,  but  comparatively 
little  on  the  interior  side  of  Koolauloa.  Judging  from  incomplete  ob- 
servations on  the  rainfall  for  the  past  five  years,  the  average  has  been  144 
inches  two  miles  below  the  Pali  (Luakaha),  and  about  20  inches  near  the 
wharves  of  Honolulu  ;  but  the  rainfall  is  confessedly  greater  at  the  crest 
of  the  ridge,  probably  200  inches,  and  it  diminishes  gradually  all  the 
way  to  the  harbor.  The  fall  along  the  eastern  shoreline  exceeds  30 
inches,  increasing  to  the  summit ;  hence  it  appears  the  water  should  be 
most  abundant  along  the  crest  of  the  range,  but  greater  on  the  eastern 
than  the  western  slope,  and  whatever  the  fall  may  be  on  the  Honolulu 
aide  it  came  from  the  northeast.  The  erosion  has  been  the  greatest  on 
the  northeastern  side,  as  seen  in  the  Pali,  the  outliers,  sometimes  2,000 
feet  high,  the  ridges  running  northeasterly,  and  the  amphitheaters.  It 
reached  probably  to  the  central  axial  line  of  elevation  opposite  Kaneohe 
bay.  The  cliff  can  not  very  well  have  been  eroded  by  the  sea,  since 
there  are  irregular  ridges  and  chains  of  hills  at  intervals  of  2  or  3  miles 
stretching  out  perpendicularly  from  the  wall  and  ending  in  promontories. 
Marine  action  would  have  removed  these  projections.  The  erosion 
seems  to  have  been  most  intense  at  the  road  crossing  the  Pali,  since 
there  is  a  gap  worn  down  to  1,207  feet  from  over  3,000  feet  on  either 
.side,  and  there  are  two  other  gaps  to  the  north  not  faraway.  Some  have 
explained  the  presence  of  the  Pali  gap  and  the  horseshoe  form  of  the 
land  from  Mokapu  point  to  Konahuanui  and  thence  along  the  main 
range  to  the  northeast  branch,  ending  at  Kualoa  point,  by  assuming  a 
break  or  fault  at  the  Pali  gap  or  the  existence  of  an  enormous  crater  in 
the  part  of  the  circular  ridge  just  delineated.  The  best  argument  in 
reply  to  both  these  volcanic  theories  is  that  the  topography  is  in  better 
agreement  with  what  is  known  elsewhere  to  be  the  results  of  subaerial 
erosion.  If  there  were  one  transverse  fault,  there  must  have  been  three, 
quite  close  together,  for  the  first  cataclysmic  theory  ;  and  the  theory  of 
the  large  crater  assumes  that  certain  cinder  cones  and  scoria  were  inti- 

IV— BvLL.  GcoL.  So€.  Am.,  Vol.  U,  1899 
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mately  connected  with  it,  which  seems  to  have  been  formed  in  a  different 
way  and  in  later  periods. 

On  the  leeward  side  of  Koolaupoko  notice  has  already  been  taken  of 
about  20  canyons  in  as  many  miles.  This  is  where  the  island  is  narrow 
and  the  rainfall  is  ample  for  the  work  accomplished,  though  the  erosion 
has  been  less  than  on  the  windward  side.  Relatively  little  work  has 
been  done  farther  to  the  northwest,  all  the  way  to  Waialua  and  Wainiea. 
A  part  of  this  lack  of  erosion  may  be  due  to  a  smaller  rainfall,  stated  to 
have  found  its  maximum  at  the  Pali  j;ap.  Certainly  erosion  has  not 
proceeded  far  enough  to  excavate  gorges  high  up,  nor  amphitheaters. 
The  shallow  canyons  on  tlie  north  shore  and  in  Kwa  are  certainly  sug- 
gestive of  a  very  scant  or  recent  action.*  From  any  hill  like  Punchbowl 
or  Leilono  one  can  see  a  fine  long  stretch  of  this  sloping  plateau,  which 
has  been  utilized  for  the  growth  of  sugar  cane. 

The  Kaala  dome  presents  phenomena  of  erosion  very  similar  to  those 
of  Koolau,  but  the  great  excavations  have  been  effected  on  the  west  side, 
as  evidenced  by  the  valleys  of  Waianae,  Makaha,  etcetera,  while  the 
gradual  slopes  of  the  Koolau  area  impinge  closely  on  the  latter,  and  the 
drainage  has  been  forced  westerly.  The  work  accomplished  has  been  on 
the  southwesterly  side,  whereas  the  trade  winds  have  blown  from  the 
northeast  for  nine  montlis  of  the  year.  Shall  we  say  either  that  there 
must  have  been  a  greater  fall  on  Kaala  in  ancient  times,  or  that  the 
present  precipitation  of  moisture  has  been  adequate  for  the  results? 
Such  views  are  common,  and  had  been  expressed  in  the  first  draft  of  this 
paper.  It  was  recalled  that  the  wind  blew  from  the  west  on  our  own 
visits  to  that  region ;  also  that  the  erosion  is  effected  more  by  sudden 
downpours  than  by  ordinary  rains,  and  that  consequently  the  existing 
fall  is  sufficiently  adequate.  Opposed  to  this  is  the  general  aridity  of 
the  Waianae  region  as  contrasted  with  the  abundant  verdure  of  Kaneohe 
bay.  Reflection  has  suggested  a  better  view.  The  Kaala  dome  existed 
before  the  Koolau  mountains  were  raised  very  much  above  sealevel. 
The  ocean  came  perhaps  half  way  across  the  island,  and  the  trade  winds 
impinged  against  the  basaltic  piles,  dropping  moisture,  which  excavated 
the  eastern  side  very  completely,  and  then  carved  out  the  valleys  on  the 
leeward  side,  together  with  the  Waianae  wind  gaj).  Two  or  more  lengthy 
ridges  have  been  mentioned  as  protruding  easterly  from  Kaala.  In  later 
times  Koolau  came  up  from  the  depths  and  poured  over  the  skeleton 
ridges  on  the  east  side  of  Kaala,  so  as  to  conceal  them  from  view,  and 
there  is  the  plateau  with  gentle  dip  covering  the  interior  of  the  island. 


*On  both  siiloH  of  Ewsi  tht'  s'loju*}*  ar««  juotort*'*!  from  h««avy  ruiiif:ill  l»y  the  oppn»itc  ride*'?* :  >>"< 
from  Salt  lake  to  Koko  tho  Kooluii  numiifjun  ij*  <•  xp<»>*t»il  to  tlu'  kmia  or  sniuli\vf?<t  Htonns  ;  lu'iu-^ 
the  doepfr  oanyoiiH.     Note  hy  S.  K.  Bishop. 
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the  drainage  forced  to  the  base  of  Kaala  from  Koolau,  and  the  later 
excavation  of  comparatively  small  canyons.  This  view  does  not  force 
us  to  believe  in  the  existence  of  climatic  conditions  different  from  those 
now  prevailing,  and  it  enables  us  to  interpret  what  has  happened  from 
the  varied  topography.* 

This  view  is  confirmed  by  observing  a  more  decided  contrast  on  the 
adjacent  double  island  of  Maui.  The  smaller,  older  mass  of  Eeka,  in 
West  Maui,  has  suffered  much  greater  erosion  than  Kaala,  and  has  also 
its  wind  gap,  while  the  gigantic  Haleakala,  which  has  poured  out  sheets 
of  lava  almost  in  historic  times,  presents  only  the  modern  type  of  small 
canyon  erosion  on  its  windward  side,  and  the  leeward  side  has  not  been 
affected.  The  contrast  between  the  two  parts  of  Maui  is  more  marked 
than  upon  Oahu,  but  it  is  the  same  in  kind  and  may  illustrate  the  sim- 
ilar sequence  of  Kaala  and  Koolau. 

Artesian  Wells 

About  20  years  ago  it  was  discovered  that  good  water  could  be  ob- 
tained by  sinking  artesian  wells  near  the  seashore.  By  1884  no  less 
than  96  had  been  bored,  nearly  all  of  which  yielded  water.  A  list  of 
them  in  Thrum's  Annual  for  1884  shows  53  in  Honolulu  district,  19  in 
Ewa,  21  in  Waialua,  and  3  in  Koolau,  at  the  northeast  end  of  the  island. 
Since  that  time  the  number  has  doubled.  I  have  the  records  of  many 
of  these  wells,  and  will  sUite  what  general  conclusions  may  be  drawn 
from  them. 

1.  The  water-bearing  stratum  comes  from  a  vesicular  basalt  situated 
deep  down  the  Kaala  and  Koolau  series.  The  rains  soak  through  the 
permeable  layers  till  this  particular  rock  is  reached. 

2.  Flowing  water  shows  itself  only  in  a  narrow  belt  of  territory  adjacent 
to  the  seashore.  At  Honolulu  the  highest  altitude  reached  by  the  flow 
i.s42  feet.  In  the  Ewa  district  the  limit  is  32  feet;  in  Waialua  21  feet, 
and  near  Kahuku  26  feet.  Now  that  the  number  of  wells  has  greatly 
increased,  this  limit  is  lowered  to  the  amount  of  7  feet  at  Punahou,  but 
the  exact  figures  for  other  localities  have  not  been  ascertained.  Professor- 
('.  J.  Lyons  says  the  artesian  well  level  about  Honolulu  fell  during  the 
month  of  July,  1899,  from  35.1  feet  to  34.6  feet,  because  of  the  semi- 
annual flooding  of  the  rice  fields.     Wells  sunk  above  the  limit  of  flowing 

•AfUT  writing  the  above,  I  find  a  Homewhat  similar  .siatoment  of  8ome  of  the  facts  by  Prof«»Msor 
I^TitiA.  He  KavH, "  That  the  volcano  of  East  Oahu  wa8  in  full  action  long  after  tlte  extinction  of  the 
»^»-^iiTn  cone  i.«  nhown  "  [in  1840  and  18H7]  ''  by  tlie  eniToiU'hinentof  the  eimtern  lava  streams  over 
ii«  \tiv*f  and  the  burial  in  part  of  the  valleys."  "  The  depth  of  burial  by  the  East  Oaliu  lavas  was 
|»roliably  some  hundreds  of  feet."  A  figure  shows  the  steep  east  wall  of  Kaalu  just  behind  the 
uewly  eneruaehiag  lavas.     Cliaraeteristics  of  Volcanoes,  p.  301. 
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water,  as  at  Makiki  reservoir,  contain  water  whicli  rises  40  feet  above  the 
sealevel  within  the  bore-hole  and  must  be  pumped  to  be  utilized. 

3.  The  depths  at  which  the  water  has  been  reached  average  about  oTK) 
feet,  but  are  very  variable,  and  I  have  not  yet  discovered  whether  there 
is  any  law  determining  the  position  of  this  level.  The  deepest  well,  that 
of  James  Campbell,  at  the  seashore  near  Diamond  head,  was  sunk  1,50() 
feet,  but  as  no  fresh  water  appeared,  the  boring  was  abandoned.  The 
water  rose  about  a  foot  above  the  normal  level  in  shallow  wells,  and  was 
briny  as  sea  water  itself.  A  similar  case  is  mentioned  at  Waialua,  where 
very  salt  water  only  was  found  at  a  greater  distance  from  the  ocean. 
Quite  near  to  it,  however,  another  boring  furnished  fresh  water.  Not 
very  far  away  from  the  James  Campbell  well,  at  Waikiki,  another  boring 
proved  successful  at  the  depth  of  820  feet.  Within  half  a  mile  easterly 
from  the  High  School  water  was  found  at  420, 616,  and  509 feet;  toward 
the  sea,  southerly,  a  less  distance,  at  762  feet,  and  a  couple  of  blocks 
westerly,  762  feet.  About  Punahou,  8  wells  range  from  213  to  370  feet. 
In  the  Ewa  district  the  range  is  from  273  to  692  feet ;  at  Waialua  from 
200  to  590;  in  Koolau  from  300  to  400  feet.  A  well  at  Waikiki,  tested 
by  W.  E.  Rowell,  superintendent  of  public  works,  proved  to  discharjre 
18  gallons  to  the  second.  At  the  largest  pumping  station  on  the  Oahii 
plantation  12  wells,  each  one  foot  in  diameter,  have  been  bored  within 
the  limits  of  a  building  perhaps  60  feet  square,  and  large  engines  are 
constantly  jmmping  water  from  them  with  no  sign  of  exhaustion. 

4.  Copious  springs  of  fresh  water  are  found  at  various  places  around 
the  island  within  the  same  artesian  zone  of  elevation,  iis  the  Kanialie- 
maha  si)ring,  beyond  Punahou,  near  the  railway  station  Honolulu,  near 
the  railroad  in  Waialua,  etcetera;  hence  it  would  appear  that  the  fresh 
water  is  disposed  to  discharge  itself  near  the  seashore  wherever  possible; 
also  that  it  is  the  pressure  of  the  sea  water  that  causes  the  artesian  liquid 
to  flow  up  to  the  level  of  42  feet;  or  perhaps  it  would  be  better  to  say 
that  the  ocean  is  a  species  of  dam,  causing  the  surplus  water  to  discharo:e 
wherever  any  outlet  can  be  found,  up  to  the  42-foot  level.  Professor  J. 
Le  Conte  soys  that  fresh  water  rises  in  the  midst  of  the  ocean  oft*  the 
Hawaiian  islands.*  Such  streams  must  have  been  akin  to  those  that 
make  the  springs  near  the  seashore.  In  this  connection  it  is  interesting 
to  ascertain  whether  the  brine  of  the  sea  afiects  the  quality  of  the  arte- 
sian water  by  its  contact.  As  this  is  an  important  j)ractical  question, 
various  analyses  have  been  made,  both  at  the  sugar  plantations  and  at 
the  reservoii-s  containing  potable  water  for  domestic  uses.  It  has  been 
found  that  there  is  a  certain  amount  of  chlorine  in  the  water  of  those 
wells  nearest  the  sea,  but  that  it  diminishes  inland.     At  Ewa  plantation 

♦  Elcni«nts  of  iJoolo^y,  p.  74. 
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the  water  at  the  lowest  pumping  station  (number  1)  is  brackish  to  the 
taste,  but  shows  no  deterioration  at  the  middle  (number  2)  and  upper 
(number  3)  stations,  a  half  a  mile  and  a  mile  farther  inland.  Mr  J.  B. 
Atherton,  president  of  the  Ewa  Sugar  Company,  has  kindly  furnished 
me  with  a  few  analyses  of  the  water  from  those  and  of  two  other  wells 
as  near  to  the  sea  as  number  1,  which  are  given  herewith. 

AruUyses  of  Water  from  Ewa  Pktntaiimi 


TolftI  tiolidi*... 
Siljcft  (SiO,).. 


Ironandalumiim...  I  \^*q^ 


Lime  (C»0) 

MRgneMa  (MgO) 

SodH(Na^>) 

Potst«h(K,<)).. 

fhlorine  (CI,) 

?*ii1phnru'  aciil  (SO3) 

Photiphoric  arid  (PjOj).. 


Pump 
number  1 


Pump 
numl»er  2. 


1801, 
Muy  5. 


f»  rains 
per  gallon. 


41.4A 
4  4» 


July  2:». 


(drains 
per  gallon. 


20.11 
4.80 


5.02 
2.41 

10. 2H 


17.61 
1.89 


1.,'il 
3  87 


8.18 
1.20 


Pump  Pump 

number  3.    ■    num»>er  r». 


1897,         ;         1897, 
August—.     December  7. 


Grainn  Grains 

per  gallon,      per  gallon. 


.•Jo.741 
4.3.-.1 

0  409 

2.88 
3.8:1 
8.71 


11.07 
2.44 


42.4 

6.0 

0.3 
3.0 
3.6 
6.7 
0.6 
12.4 
1.9 
0.1.7 


Mill. 


1897, 
December  ' 


Grains 
per  gallon. 


69.6 
4.9 

0.3 

3.3 
3.5 

20.0 
2.0 

28.7 
2.5 
O.OC 


The  composition  of  the  fresh  waters  of  the  islands  has  been  very  care- 
fully determined  by  Dr  Walter  Maxwell*  as  follows: 

Per  cent. 

Silica 0023 

Iron  and  alumina 0005 

Lime 0013 

Magnesia 0013 

Potash 0005 

Soda 0033 

Chlorine 0040 

Sulphuric  acid ' .     .001 1 

Phoephoric  acid 0001 


^  Lavas  and  Soils,  etcetera,  p.  170. 
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He  states  also  that  he  has  ascertained  the  fact  of  the  presence  of  ma- 
rine salts  in  the  artesian  waters  nearest  the  seashore.  In  addition,  I 
may  say  that  I  have  ascertained  from  the  engineer  at  the  pumping  sta- 
tion on  Beretania  avenue  that  the  amount  of  scale  in  the  boilers  left  by 
the  evaporation  of  artesian  water  is  greater  than  what  he  has  seen  com- 
ing from  spring  water  in  other  parts  of  the  world,  but  the  amount  of  the 
deposit  is  not  large. 

5.  Most  of  the  wells  pass  through  considerable  limestone,  which  is 
usually  supposed  to  be  an  ancient  coral  reef.  Thus  in  the  deep  James 
Campbell  well  "  hard  coral  rock,  like  marble,"  was  encountered  between 
320  and  825  feet — that  is,  of  a  thickness  of  505  feet.  In  King's  well 
number  2,  less  than  half  a  mile  from  Campbell's,  there  is  nearly  as 
much  of  the  limestone  below  150  feet,  but  mixed  with  clay  for  100  feet 
of  the  way.  No  other  wells  show  so  much  limestone.  In  Goo  Kim's 
wells,  a  mile  inland,  there  were  26  feet  of  limestone  above  150*feet,  and 
194  feet  above  the  level  of  430  feet,  including  two  intercalations  of  20 
feet  of  clay.  In  the  three  adjacent  wells  of  G.  N.  Wilcox,  Mrs  Ward, 
and  the  ice  works  (Kewalo),  the  limestone  extends  downward  to  4(X) 
feet.  At  Thomas  square,  at  the  pumping  station,  and  the  Queen's  hos- 
pital the  limestone  occupies  200  feet  in  thickness  at  the  surface.  Other 
wells  show  a  less  amount.  At  the  Makiki  reservoir  no  limestone  was 
encountered  in  two  wells,  900  and  970  feet  deep  respectively,  and  the 
water  rises  to  40  feet  above  sealevel.  In  Jaeger's  well,  Makiki,  a  log  of 
cocoauut  wood  was  found  at  a  depth  of  245  feet  beneath  150  feet  of 
limestone.  It  would  seem  proved  that  this  limestone  does  not  extend 
beneath  the  Koolau  basalt,  and  thati  it  spreads  over  the  underground 
surface  to  the  depth  of  700  or  800  feet  in  Honolulu  ^1178  for  "broken 
corals  ")  and  to  a  similar  depth  in  Ewa.  I  have  been  careful  thus  far 
not  to  use  the  word  coral  reef,  because  the  material  has  probably  been 
blown  or  drifted  from  its  place  of  origin,  and  thus  does  not  necessarily 
imply  a  subsidence  of  the  land  for  800  feet. 

G.  This  limestone  is  overlain  by  lava  in  quite  a  number  of  wells,  as  at 
G.  N.  Wilcox;  Marquez,  at  the  mouth  of  Manoa  valley;  King's  well 
number2,at  Waikiki;  Pua,  near  Moiliili ;  Wong  Kim,  at  Waikiki ;  three 
at  Kalihi,  government  building  (old  palace  yard) ;  T.  R.  Foster,  and 
others.  I  have  observed  basalt  over  the  existing  reef  at  several  localities 
to  be  mentioned  later. 

7.  Diamond  head  is  of  more  recent  origin  than  the  limestone,  because 
270  feet  of  the  peculiar  tufa  of  this  crater  overlies  the  limestone  in  the 
James  Cainp])ell  well.  At  the  Queen's  hospital  the  record  is,  first,  black 
volcanicash,  lOfeet;  "coral,"  13  feet;  tufa  of  Punchbowl,  47  feet;  "coral," 
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30  feet,  etcetera ;  hence  it  would  appear  that  the  Diamond  Head  and 
Punchbowl  tufas  were  ejected  through  this  modern  limestone. 

Coral  Reef 

Oahu  is  mostly  encircled  by  a  fringing  coral  reef,  whose  limits  are 
exhibited  on  plate  1.  At  low  tide  one  can  walk  a  long  distance  on  this 
reef  in  various  directions,  off  the  city  of  Honolulu,  near  Koko  head,  and 
in  Kaneohe  bay.  The  polyps  living  on  and  enlarging  the  reef  are  of  the 
genera  Porites,  Pocillopora,  Astrea,  Meandria  and  Fungia,  together  with 
Millepora,  echinoderms,  mollusks,  serpulse,  gorgonise,  nuUipores,  with 
seaweeds,  etcetera.  The  life  is  much  better  developed  at  Kaneohe  bay 
than  at  Honolulu,  because  the  trade  winds  impinge  directly  against  the 
shore,  bringing  food  in  great  abundance  to  the  animals,  while  the  har- 
bor is  on  the  lee  side  of  the  islands  and  subsistence  is  less  easily  obtained. 
Where  the  fresh-water  streams  of  Nuuanu  and  Kalehi  valleys  and  Pearl 
river  enter  the  sea,  channels  are  produced,  because  the  animals  can  not 
flourish  in  fresh  water.  The  Nuuanu  channel  is  utilized  for  shipping, 
and  the  Pearl  River  outlet  bids  fair  to  form  the  entrance  to  the  finest 
harbor  in  the  Pacific  ocean  when  the  bar  at  the  mouth  bus  been  removed. 

The  loose  character  of  the  ordinary  reef  rock  is  shown  in  the  large 
blocks  used  for  stone  walls  and  buildings.  A  better  quality  is  exhibited 
in  the  walls  of  the  Kawaihao  church,  and  the  very  best  is  a  compact 
variety  made  by  the  washing  of  limestone  fragments  into  fissures  and  cav- 
ities, which  have  been  cemented  by  its  own  substance  in  solution.  The 
sea  water  has  worn  the  reef  into  very  irregular  shapes,  not  easy  to  walk  on. 

The  plain  of  Honolulu  rests  on  coral  limestone,  beginning  easterly 
near  Moiliilii  church  and  Paakea,  and  it  has  been  covered  by  the  basaltic 
flow  of  Kaimoki.  It  crops  out  in  many  places  within  the  settled  dis- 
tricts, as  on  the  banks  of  the  Nuuanu  river  near  Palama  chapel  and  sea- 
ward from  the  terminus  of  the  tram  railroad,  at  Kapalama.  A  very 
large  excavation  in  it  shows  an  abundance  of  corals  and  shells.  Boulders 
of  basalt  strew  the  surface  of  the  unexcavated  portion,  and  it  may  ex- 
tend beneath  the  Kamehamaha schools  and  Bishop  museum,  being  fully 
20  feet  above  the  sea.  The  original  floor  of  the  crater  of  Aliapakai  con- 
sists of  coral,  and  it  both  overlies  and  is  intercalated  in  the  tufa  that 
flowed  from  Makalapa,  exposed  along  the  railway  in  the  southeast  locks 
and  tlie  islands  opposite.  Most  of  the  islands  and  points  about  Pearl 
river  consist  of  this  material,  as  at  Fords  island.  Pearl  City  peninsula, 
I^aulaunui,  etcetera.  About  Kwa  plantation  the  limestone  area  is  9 
miles  long  and  IJ  miles  wide.  It  skirts  the  shore  and  railroad  the  whole 
length  of  the  southwest  shore  of  Oahu.     At  an  abandoned  quarry  3  miles 
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north  of  Barbers  Point  (Laeloa)  light-house  the  best  quality  of  the  sand- 
stone is  well  developed,  and  was  used  in  the  erection  of  the  Saint  An- 
drews English  cathedral.  Agassiz  speaks  of  this  material  as  a  ^^  massive 
coral  pavement  sandstone." 

There  are  three  varieties  of  material  at  this  locality  :  At  the  base,  the 
underlying  rough  reef  loosely  put  together,  a  sandy  limestone,  and  above 
all,  the  compact  pavement  sandstone,  capable  of  affording  a  good  polish. 
The  total  height  is  about  16  feet.  This  compact  rock  has  been  utilized 
also  in  the  manufacture  of  quicklime.  It  is  a  good  place  in  which  to 
observe  the  manufacture  of  the  sandstones,  for  shells  and  corals  are 
strewn  over  the  beach  in  all  stages  from  the  live  animal  to  worn  cobbles, 
pebbles,  sand,  and  firm  rock.  Crystals  of  calcite  are  frequently  seen  in 
the  consolidated  rock. 

Proceeding  northerly,  Professor  Alexander  reports  a  ledge  of  coral  79 
feet  above  the  sea,  at  Kahe,  and  780  feet  distant  from  the  water,  south 
of  Puu  0  Hulu,  he  mentions  another  ledge  56  feet  above  the  sea  and  a 
quarter  of  a  mile  inland ;  also  on  the  south  side  of  Lualualei,  20  feet 
high.  At  the  south  end  of  the  ridge  called  Mailiilii,  the  limestone  reaches 
the  height  of  81  feet ;  at  other  localities  on  this  coast  I  have  observed 
limited  areas  of  the  same  substance  more  or  less  elevated. 

Tlie  plain  of  Waialua  shows  many  outcrops  of  the  reef;  Kahuku,  the 
extreme  northern  point  of  Oahu,  is  the  most  interesting  locality.  The 
Koolau  highlands  ends  in  a  bluff  nearly  2  miles  back  from  the  extreme 
point,  rising  to  a  huiidred  feet  or  more  from  a  flat  plain.  This  bluff  con- 
sists of  coral  rock  up  to  60  feet,  capped  by  blown  calcareous  sand  now 
firmly  consolidated,  which  may  extend  inland  to  a  height  of  250  feet. 
Plate  4  shows  both  these  varieties  of  limestone :  First,  the  reef  up  to  60 
feet,  at  the  line  just  above  the  principal  cave  opening;  second,  the  con- 
solidated sandstone  higher  up.  Large  blocks  of  the  latter  material  have 
fallen  from  the  cliff  on  all  sides,  and  similar  masses  in  the  edge  of  the 
ocean  adjacent  are  large  enough  to  constitute  islands,  delineated  on  maps 
of  a  large  scale.  At  various  localities  in  the  neighborhood  I  found  corals 
and  shells  in  the  underlying  limestone,  but  nothing  in  the  sandstone 
above,  save  perhaps  a  shell  brought  by  a  hermit-crab.  Professor  Dana 
has  given  a  very  effective  figure  on  page  302  of  his  "  Characteristics  of 
Volcanoes,"  illustrating  this  plane  between  the  two  limestones.  Nowhere 
on  the  windward  side  of  the  island  do  the  winds  blow  more  vigorously 
than  here,  and  hence  the  explanation  of  the  great  altitude  attained  by 
this  blown  consolidated  sand.  For  5  miles  southeasterly,  to  even  be- 
yond Laie,  the  coral  plain  is  quite  extensive.  Knobs  of  the  consolidated 
sand  with  inclined,  strata  rise  to  the  height  of  35  feet,  and  sometimes 
suggest  an  assemblage  of  kames.    Several  other  localities  of  coral  mate- 
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rial  might  be  mentioned  on  the  windward  coast  between  Kahuku  and 
Kaneohe,  of  which  the  most  important  is  at  Kahana.  There  is  also  a 
broad  area  of  it  at  Waimanalo. 

East  of  Diamond  head  and  Kaimuki  the  consolidated  sand  is  very  ex- 
tensive, attaining  the  altitude  of  100  feet  and  more.  This  has  heretofore 
been  called  an  elevated  coral  reef;  but  it  exhibits  abundantly  inclined 
lamination  of  the  sandy  layers.  The  real  reef  appears  at  Niu  and  at  the 
fish  pond  at  Maunakea. 

As  of  minor  interest,  it  may  be  mentioned  that  the  unconsolidated 
coral  sands  constitute  a  hill  fully  40  feet  high  near  Makua,  adjacent  to 
the  railroad,  which  give  forth  the  peculiar  sounds  meriting  the  title  of 
''  barking  sands."  Both  these  and  the  exposures  at  Kaena  point  abound 
in  long  tubular  concretions  standing  vertically,  which  when  unsupported 
are  accumulated  like  roots  of  trees.  At  the  latter  locality  I  found  skele- 
tons of  Hawaiians  uncovered  by  the  wind,  and  bones  of  a  large  sea  bird. 

On  the  seashore,  at  several  places,  I  found  coniferous  logs,  with  stumpy 
roots  and  branches,  which  drifted  from  the  Oregon  coast.  Some  of  them 
were  enveloped  by  soft  barnacles.  They  indicate  to  us  the  possibility  of 
the  transportation  of  hardy  terrestrial  mollusca  and  the  seeds  of  plants 
from  remote  regions.  After  the  stranding  of  the  logs  the  animals  will 
leave  them,  and  finding  the  conditions  of  existence  favorable,  will  mul- 
tiply and  assume  new  characters  in  accordance  with  the  principles  of 
evolution.  Such  I  understand  to  have  been  the  origin  of  the  diverse 
Achatinellidae.  Ever  since  the  country  has  been  settled  these  logs  have 
been  noticed,  some  of  them  of  immense  size.* 

Pearl  River  Series 

The  coral  reefs  and  limestones  are  intimately  associated  with  sedi- 
mentary deposits  and  volcanic  flows,  partly  ashes,  often  disintegrated. 
The  whole  assemblage  is  really  a  terrane  about  1,000  feet  in  thickness. 
It  is  beet  developed  about  the  Pearl  River  locks,  and  hence  for  conven- 
ience it  may  be  termed  the  Pearl  River  series.  Probably  this  series  of 
deposits  began  in  the  Pliocene,  and  the  older  layers  may  be  a  base  on 
which  the  volcanic  ejections  commenced  to  accumulate.  Some  authors 
think  that  extensive  Tertiary  deposits  are  necessary  for  the  starting  of 
volcanic  activity  in  every  country.  If  so,  parts  of  the  Pearl  River  beds 
will  be  found  beneath  Koolau  and  Kaala.  This  series  is  evidently  to 
be  compared  with  the  thick  limestone  deposits  in  the  Fiji  islands,  sup- 
posed by  Doctor  Alexander  Agassiz  to  underlie  the  living  coral  reef  of  that 

*For  a  full  description  of  the  coral  reefs  of  the  Hawaiian  islands,  see  A.  Agassjz,  Bulletin  Mus. 
romp.  Zoology,  vol.  xTii,  no.  3, 1889. 

V— Boil.  Gbol.  Soc.  Am.,  Vol.  11,  1899 
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archipelago  and  to  have  been  elevated  as  much  as  800  feet,  and  Doc 
W.  H,  Dall  presents  tentatively  the  opinion  that  the  fossil  shells  of  tli 
beds  may  be  of  Pliocene  age.*  1  have  had  the  pleasure  of  examining  th 
limestones  at  Suva,  Fiji,  for  as  much  as  500  feet  of  thickness,  and 
satisfied  that  the  Hawaiian  terrane  maybe  correlated  with  them,thoi 
not  so  much  elevated.  Doctor  Dall  has  recently  examined  the  n 
characteristic  localities  about  to  be  mentioned,  and  has  kindly  stc 
his  views  as  to  the  age  of  the  strata  in  his  notes  appended  to  this  pa 
Owing  to  thorough  disintegration,  it  is  not  easy  always  to  discrimii 
between  a  decayed  lava  and  an  earthy  sediment,  especially  as  lava 
ashes  are  constantly  intercalated  with  strata.  I  will  speak  of  these 
posits  at  several  localities  where  they  may  be  easily  examined.  On 
the  most  important  may  be  seen  in  a  railway  cutting  a  short  distj 
east  of  the  Waipio  station,  west  of  Pearl  city,  on  the  line  of  the  0 
Railway  and  Land  Company.  The  deposits  seem  to  be  arranged  as 
lows  from  above  downward : 

/.  Ten  feet  of  a  reddish-yeUowish  earth,  constituting  the  soil. 

H,  Six  feet  of  jjray  slaty  colored  earth. 

G,  Two  to  8  feet  of  limestone  and  marl. 

F.  One  to  2  feet  of  pure  kaolin,  best  seen  in  the  fields  east. 

E.  Three  or  4  feet  of  bluish  and  other  clays. 

D.  Bed  of  oyster  shells,  1  to  2  feet  thick. 

C  Two  and  a  half  feet  of  ferruj^inous  clay  containing  large  nodular  niasi 
black  hard  clay,  apparently  carbonaceous. 

B.  Six  inches  of  greenish  clay,  with  blue  stains  of  what  may  l>e  iron  phob 
or  manganese  oxide. 

A,  Four  or  5  feet  thickness  of  clays,  extending  downward  to  the  track  { 
railroad  and  to  an  unknown  depth. 

The  uppermost  of  these  layers  may  be  followed  along  a  sort  of  te 
northerly  to  Oahu  mill,  and  the  gray  layer  shows  itself  wherever 
has  been  made  deep  enough  to  reach  it.     West  of  Oahu  mill  the  k 
is  recognized  along  the  road  leading  west  for  one-fourth  of  a  niik 
also  along  the  branch  railroad  half  a  mile  out  from  Waipahu  sti 
It  comes  in  contact  with  basalt,  probably  unconformably,  along  tin 
road  and  overlies  a  pebbly  rubble  whose  constituents  are  so  decayed 
they  will  crumble  under  the  pressure  of  the  hand,  and  is  over  s 
glomerate  that  may  be  connected  with  the  basalt.     The  Waipio 
repeated  on  a  larger  scale  in  a  railroad  cut  easterly  from  the  Ewa 
pump  (October  14,  1898).     The  basal  greensand  is  thicker,  as 
kaolin,  and  the  greater  part  of  the  upper  material  is  a  red  earth,  tl 
posure  here  being  about  40  feet  thick.     It  is  likely  there  is  a  direc 

•Anier.  Jour.  Sci.,  August,  1898,  p.  165. 
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nection  between  the  kaolin  of  the  Waipio  cut,  the  neighborhood  of  Oahu 
mill,  and  the  railroad  cut  near  the  Ewa  upper  pump.  At  this  locality 
the  lava  is  in  part  vesicular,  in  sheets,  very  much  decayed.  Following 
the  railroad  to  the  middle  pump,  this  lava  is  covered  by  a  thick  layer  of 
cobbles  and  pebbles  mixed,  which  continues  almost  to  the  lower  pump 
along  the  ravine,  underlaid  by  what  seems  to  be  very  soft  lava.  This  is 
on  the  edge  of  the  Ewa  Plantation  plateau,  which  may  be  60  feet  above 
the  sea,  and  said  to  rise  to  160  feet  where  crossed  by  the  government  road. 

Crossing  over  the  fish  pond  from  Waipio  to  John  li's  tomb,  the  rock. is 
calcareous  with  fossil  shells,  either  D  or  O  o(  the  section.  East  of  the 
Waipio  cut  along  the  railroad  we  see  first  the  upper  red  earth,  and  then  be- 
neath the  same  pebbly  layer  seen  in  the  Ewa  ravine.  Going  west  from 
Waipio,  at  Hoaeae  station  is  a  cut  in  the  red  earth,  cut  by  two  vertical 
dikes  of  sand.  About  a  mile  west  of  Hoaeae  there  are  excavations  show- 
ing a  thick  earth  covered  by  the  pebbly  deposit  unconformably,  and  both 
by  loam.  A  dike  of  sand  extends  downward  from  the  pebbles  into  the 
earth. 

South  from  the  Waipio  cut  on  the  peninsula  a  calcareous  sandstone  is 
found  at  the  south  edge  of  Eo  pond.  Near  Hanalea  pond  is  a  large 
quantity  of  marl,  and  possibly  kaolin,  G  and  perhaps  i'^of  the  section. 
At  the  southwest  corner  of  Hanalea  pond  is  an  abundance  of-limestone 
with  fossil  shells  and  corals.  East  of  this  pond  the  rock  appears  more 
like  the  ordinary  reef. 

Near  Ewa  church,  northeast  from  Waipio,  the  section  is  more  of  a 
volcanic  character.  At  the  base  is  an  unaltered  basalt  of  the  agglom- 
erate kind,  consisting  of  large  stones  or  spherules,  cemented  by  a  red- 
dish material,  which  is  apparently  the  rasult  of  decomposition  of  the 
original  rock,  for  there  is  every  grade  of  transition,  from  the  compact 
unaltered  rock  to  that  containing  spherules  and  that  which  is  entirely  a 
soft  earth.  There  are  bunches  or  areas  of  the  hard  basalt  in  the  midst 
of  the  sofler  varieties,  and  this  difierence  in  what  seems  to  be  one  layer 
is  analogous  to  variations  in  the  character  of  the  rock  at  the  living  vol- 
cano. The  gases  inducing  decay  are  abundant  in  certain  spots  and  ab- 
sent from  others.  The  boulders  weather  concentrically,  and  are  of  the 
same  kind  with  what  are  often  strewed  over  fields,  like  the  ice-carried 
stones  of  glaciated  regions.  Above  this  are  a  few  layers  of  what  is  very 
near  hematite,  a  known  decomposition  product  of  lava.  This  is  cov- 
ered by  earth,  and  that  by  a  mixture  of  sand,  earth,  and  rubble.  The 
hill  or  plateau  is  capped  by  red  and  yellow  earths,  each  a  fathom  or 
more  in  thickness.     The  total  thickness  must  be  60  or  70  feet. 

From  the  Laeloa  craters  across  to  the  eastern  part  of  the  Honolulu 
HUgar  plantation  or  to  Halawa  station  on  the  railroad  the  surface  is 
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largely  composed  of  the  upper  earths  of  the  section,  constituting  the  sub- 
stratum of  the  soils  found  to  be  very  suitable  for  the  growth  of  the  sugar 
cane.  At  a  deep  railway  cut  one-fourth  of  a  mile  west  from  Aiea  station 
is  a  thick  mass  of  earth,  capped  by  8  or  10  feet  of  coarse  pebbles  and 
cobbles,  cemented  together  so  as  to  constitute  a  conglomerate,  all  of  whose 
constituents  are  rounded.  These  stones  increase  in  size  in  passing  across 
a  stream  near  the  business  center  of  the  Honolulu  plantation.  Starting 
at  the  sealevel,  at  Aiea  station,  the  following  is  an  approximate  section 
up  to  the  top  of  the  plateau,  about  60  feet :  At  the  base,  4  feet  of  greenish 
clay  and  pebbly  earth ;  1  foot  fine  volcanic  ash,  consolidated  ;  4  feet  of 
tuff;  1  foot  of  clayey  ash  ;  pebbles  and  clay,  4  feet;  tuflFand  asli,  8  feet. 
Back  of  this  cliff  is  an  indefinite  amount  of  drab  and  gray  earths,  with 
layers  of  silica.  On  the  summit  of  the  plateau  I  found  marine  shells 
and  corals,  some  of  which  are  like  those  used  for  food  by  the  natives,  so 
that  this  is  not  a  clear  case  of  a  submarine  deposit,  though  it  probably 
is,  as  some  of  the  organisms  are  not  edible.  On  the  branch  railroad  lead- 
ing from  Halawa  up  to  the  sugar  plantation  is  an  interesting  cut  through 
earth  capped  by  a  fine  grained  volcanic  ash,  3  feet  thick,  well  filled  with 
leaves  of  dicotyledonous  plants.  The  ash  was  apparently  blown  from 
Makalapa  and  consolidated.  Along  the  seashore  the  lower  pebbly  ash 
of  the  Aiea  section  has  been  folded  and  slightly  faulted.  It  is  covered 
by  an  earth  or  old  soil,  which  can  be  traced  eastwardly  directly  beneath 
the  tufa  of  Makalapa,  which  comes  as  far  west  as  Halawa  stream. 

It  would  seem  that  this  Pearl  River  series  is  a  combination  of  marine 
deposits,  reefs,  decayed  rock,  secondary  volcanic  products,  ashes,  and 
solid  basalt.  The  natural  conclusion  is  that  volcanic  ejections  were  in- 
tercalated with  beds  of  marine  origin,  illustrated  farther  by  the  finding 
of  a  fine  black  ash  intercalated  in  the  limestone  of  Fords  island,  several 
miles  away  from  the  nearest  volcanic  vent.  At  present  it  is  not  possi- 
ble to  separate  them.  Passing  southerly  toward  the  mouth  of  the  river, 
the  limestones  grow  thicker  and  merge  into  the  limestones  proved  to 
extend  deep  into  the  earth  by  the  artesian  bore-holes.  The  series  is  of 
Tertiary  age. 

Rocks  at  the  Pali 

A  trip  to  the  Pali  gap  from  Honolulu  reveals  many  points  of  interest, 
and  the  many  excavations  beyond  the  gap  for  a  carriage  road  bring  to 
light  phenomena  that  would  not  otherwise  have  been  noted.  The  rocks 
revealed  are  the  older  Koolau  basalts,  intermediate  dikes,  and  recent 
Hows  of  ashes  and  lapilli. 

Starting  from  the  city,  the  first  exposures  are  of  the  older  basalts — 
vesicular,  chrysolitic,  agglomeratic — covered  by  reddish  earth,  and  we 
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pass  up  a  canyon  whose  sides  exhibit  volcanic  layers  dipping  gently 
toward  the  harbor.  On  reaching  the  place  where  vegetation  is  notably 
more  vigorous,  the  red  earths  increase  in  amount,  and  are  probably  iri 
part  at  least  the  products  of  an  old  crater,  not  named,  a  mile  or  more 
from  the  summit.  This  has  been  broken  down  on  its  southerly  side* 
Nearer  to  the  gap  are  thick  deposits  of  an  agglomerate,  having  a  red 
clayey  cement,  which  has  been  cut  away  at  the  summit  and  is  very  ex- 
tensively spread  out  on  the  eastern  side.  Its  point  of  ejection  is  not 
known.  Doctor  S.  E.  Bishop  thinks  there  must  have  been  an  orifice  at  the 
very  notch  through  which  it  has  been  poured  out.  The  notch  is  being 
enlarged  by  removing  the  old  basalt,  which  is  finely  exposed  in  horizontal 
layers,  soon  seen,  as  we  pass  downward,  to  have  been  cut  by  dikes  of  a 
fine  grained  compact  basalt,  sparingly  spotted  by  chrysolite. . 

The  photograph,  reproduced  as  plate  6,  of  the  ledges  at  the  extrenae 
southeast  angle  in  the  Pali  road,  three-fourths  of  the  descent  down,  gives 
some  idea  of  the  relations  of  several  of  the  different  kinds  of  rock  seen. 
From  the  carriage  to  the  extreme  left  the  principal  rock  is  an  amygda- 
loidal  basalt,  containing  opal,  quartz,  natrolite,  prehnite,  and  thom- 
sonite.  One  mass  of  quartz,  supposed  to  come  from  near  this  spot,  is 
amorphous,  with  small  crystalline  cavities,  and  is  about  8  inches  in 
breadth.  This  is  the  largest  piece  of  quartz  I  have  seen  from  any  part 
of  the  archipelago.  This  amygdaloid  has  been  cut  by  several  narrow 
dikes,  standing  vertically,  and  traceable  down  the  road  for  200  feet.  At 
the  angle  the  walls  of  the  dikes  are  coated  by  what  looks  like  obsidian,  a 
quarter  of  an  inch  thick.  It  is  a  glazed  coating  produced  by  the  contact 
of  the  retaining  walls  on  the  igneous  mass.  The  amygdaloid  is  some- 
what columnar.  The  rough  rocks  on  the  right-hand  side  of  the  road 
represent  the  upper  end  of  a  laccolite  of  chrysolitic  basalt,  notable  for  the 
considerable  size  and  great  number  of  the  bunches  of  chrysolite,  as  well 
as  by  its  columnar  structure.  On  both  sides  of  it  and  above  may  be 
seen  an  agglomerate  containing  basaltic  fragments,  and  particularly  in- 
teresting pebbles  of  chrysolite,  which  are  soft  by  weathering.  At  some 
places  it  has  been  cut  and  again  traversed  by  beds  of  fine-grained  basalt, 
seemingly  the  equivalent  of  the  vertical  dikes  mentioned  high  up  toward 
the  summit  of  the  road.  In  other  places  there  is  a  glazing  upon  the  sur- 
face of  the  agglomerate  at  its  contact  with  a  later  ash.  This  ash  clinker 
or  lapilli  is  of  a  red  color,  is  very  abundant,  and  has  been  cut  by  tHe 
road  in  some  places  to  the  depth  of  90  feet.  It  has  poured  down  the 
steep  hillside  at  an  angle  of  45  degrees,  and  rests  unconformably  upon 
every  other  kind  of  rock.  It  is  bright  red  in  color,  and  is  very  similar 
to  the  ashes  of  some  of  the  Laeloa  craters.  It  is  so  obviously  of  very 
modern  origin  that  it  is  strange  that  any  observers  should  ever  have 
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esteemed  it  the  equivalent  of  the  older  basalt,  and  that  consequently  the 
divergence  of  dips  was  suggestive  of  a  fault  between  tlie  two.  It  is  re- 
corded in  some  of  my  notes  that  the  dike  material  cuts  across  the  red 
clinker.  Part  of  the  dikes  are  drab  and  part  of  an  olive  green  color. 
Some  of  them  seem  to  me  to  be  identical  with  the  chrysolite  basalt. 

Perhaps  these  several  facts  may  justify  the  following  conclusions  re- 
specting the  relative  age  of  the  several  rocks : 

1.  Tiie  Koolau  basalt,  in  horizontal  sheets. 

2.  Amy^^daloidal  basalt. 

3^  Chrysolitic  basalt,  and  some,  if  not  all,  of  the  vertical  dikes. 

4.  Reddish  agglomerate  with  chrysolitic  pebbles. 

5.  Red  clinker  and  the  latest  dikes. 

From  the  base  of  the  Pali  one  can  follow  the  course  of  the  red  clinker 
stretching  up  the  sides  of  the  mountain  much  above  the  road. 

Skcondary  Craters 

classification 

In  almost  every  section  of  Oahu  there  are  evidences  of  late  volcanic 
activity  as  manifested  in  craters,  layers  of  ashes,  tuffs,  and  dikes.  Cer- 
tain of  these  phenomena  happen  to  be  present  in  the  midst  of  the  settled 
district,  and  therefore  they  are  familiar  to  everybody.  When  Koolau 
and  Kaala  are  thoroughly  explored  others  may  be  added  to  their  num- 
ber.    Geographically  they  may  be  grouped  as  follows : 

1 .  Laeloa  series.  5.  Diamond  head. 

2.  Salt  Lake  group.  ,         <>.  Rocky  hill,  Mauumae,  and  Katmuki. 

3.  Tantalus  and  the  Pali.  7.  Kaneohe  and  the  Koko  heads. 

4.  Punchbowl. 

They  may  be  described  also  as  tuff  cones,  basaltic  craters,  volcanic 
ashes,  and  dikes. 

LAELOA  SERIES 

At  the  south  end  of  the  Waianae  mountains  is  a  group  of  craters,  the 
Laeloa,  named  from  the  southwest  point  of  the  island.  They  are  Kapolei. 
Palailai,  Makakilo,  Kapuai,  Kuua,  and  others  not  specially  named. 

Kapolei  is  a  low  crater,  open  to  the  south  on  the  south  side  of  the  gov- 
ernment road  and  north  of  the  railroad,  162  feet  above  the  sea  and  over 
100  above  the  limestone  plain  at  its  base.*  The  rock  is  solid  basalt  with 
red  clinker.  There  are  irregularities  in  the  positions  of  the  layers,  so 
that  the  normal  form  of  the  double  quaquaversal  dip  is  not  readily  seen. 

*  It  is  very  near  the  housen  occupied  by  laborers  from  Cnlifornift,  who  are  making  an  experiment 
as  to  the  ability  of  white  men  to  Biiocepii  in  actual  work  in  the  cane  field. 
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The  surface  is  rough,  without  vegetation,  and  there  is  a  heiau  (heathen 
temple)  on  the  highest  point. 

Palailai,  470  feet  high,  lies  to  the  nortliwest  rather  more  than  a  mile, 
in  a  very  important  geodetic  position,  and  there  is  a  signal  always  visi- 
ble on  it.  It  is  a  well  defined  basin-shaped  cone,  consisting  of  clinker 
lava  and  depressed  on  the  southern  side.  On  both  sides  of  it  there  may 
be  seen  a  gray  basalt  low  down  containing  the  spherical  nodules  analogous 
to  the  columnar  structure.  A  mile  to  the  northeast  of  Palailai  there 
seems  to  be  a  volcanic  vent,  open  to  the  south,  with  two  to  three  hundred 
feet  of  red  tuff  arranged  quaquaversally  about  it.  Some  of  the  layers, 
consisting  principally  of  hematite,  have  the  appearance  of  being  a 
separate  center  of  eruption  without  a  real  crater.  Brown  tuff  overlies 
the  red. 

Makakilo,  970  feet  high,  a  mile  and  three-quarters  from  Kapolei,  is 
the  next  cone  in  order,  and  is  dome-shaped.  It  is  closely  connected 
with  the  ash  of  the  supposed  unnamed  vent  just  mentioned.  The  rock 
at  the  summit  consists  of  red  tuffaceous  ash  and  compact  basalt  more 
than  usually  sonorous  when  struck  with  a  hammer.  The  layers  dip 
gently  westerly.  It  has  a  slight  resemblance  to  a  crater,  as  seen  from 
the  next  cone  to  the  north.  Low  down  on  the  east  side  the  drab  lavas 
of  the  Kaala  series  appear,  overlaid  by  red  ash,  which  seemed  to  have 
a  high  dip  toward  the  summit  of  Makakilo,  as  if  there  were  present  the 
remnants  of  the  eastern  rim  of  a  very  large  crater.  This  view  has  not 
been  verified  by  later  yisits.  Red  earth,  resulting  from  the  decay  of 
ash,  covers  both  Makakilo  and  Kapuai. 

Kapuai,  the  next  summit,  of  fully  1,000  feet  altitude,  lies  a  mile  due 
north  from  Makakilo,  and  is  composed  of  the  same  ash  and  sonorous 
basalt  in  layers  having  a  low  northerly  dip.  It  may  form  part  of  a  larger 
rim  whose  outlines  are  not  now  understood.  Heiaus  grace  the  summits 
of  Palailai  and  Kapuai. 

The  most  northern  of  these  I^aeloa  craters  is  Kuua,  about  1,300  feet 
liigh,  two  and  a  quarter  miles  north  of  Makakilo  and  4  miles  north  from 
the  railroad.  It  is  a  well  defined  crater,  falling  away  on  the  east  side, 
composed  of  solid  basalt,  slightly  chrysolitic,  and  is  the  largest,  best  de- 
fined, and  most  northern  of  the  Laeloa  series.  There  is  a  considerable 
depression  between  Kuua  and  Mauna  Kapu  (2,740  feet),  somewhat 
north  of  west  upon  the  Waianae  mountains  behind.  Between  these  older 
summits  and  Kapuai  and  Makakilo  there  may  be  other  ill-defined 
craters,  as  between  Kapuai  and  Maunawahua  (2,430  feet).  Red  earth 
and  a  little  red  ash  rest  high  up  the  east  slope  of  Kuua,  but  the  main 
part  of  the  cone  is  distinctly  basaltic,  like  Palailai  and  Kapolei.  The 
other  cones  between  are  tuffaceous. 
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It  is  generally  supposed  that  the  fertile  red  soils  of  Ewa  plantation 
have  been  derived  from  the  decomposition  and  wash  of  these  craters, 
aided  also  by  the  ejection  of  volcanic  ashes  blown  southeasterly.  This 
is  not  the  usual  direction  of  eolian  transportation  on  Oahu,  but  the 
eruptions  might  have  taken  place  when  the  conditions  favored  such  a 
movement.  There  is  certainly  no  sign  of  these  ashes  on  the  Waianae 
side  of  the  mountains.  These  craters  of  Laeloa  all  stand  out  distinct 
from  the  Waianae  range,  and  may  be  seen  in  favorable  light  from  Ewa 
and  other  localities  along  the  railroad.    They  are  very  rarely  visited. 

SALT  LAKE  GROUP 

The  most  extensive  tuff  region  is  that  occupied  by  three  craters,  of 
which  the  best  known  is  Aliapakai  or  the  Salt  lake;  the  next  Aliamau, 
inimediately  contiguous,  and  the  third  an  obscure,  inconspicuous  de- 
pression called  Makalapa.  All  of  them  together  may  be  called  the  Salt 
Lake  craters.  The  area  is  not  less  than  12  square  miles,  from  3  to  6  miles 
by  railroad  westerly  from  Honolulu,  and  situated  at  the  base  of  Koolau. 
Aliapakai  was  examined  by  the  United  States  Exploring  Expedition  in 
1840,  and  was  stated  to  contain  a  body  of  salt  water  nearly  a  mile  in  its 
longer  diameter  and  half  as  wide.  It  was  only  16  inches  deep.  In  the 
year  following  the  depth  had  decreased  to  6  inches,  and  the  whole  bottom 
was  encrusted  by  salt  firm  enough  to  sustain  a  span  of  horses.  The  sur- 
face consisted  of  cubical  crystals  in  knobs  and  finger-shaped  prolonga- 
tions. As  the  lake  stands  at  the  sealevel,  most  authors  regard  the  origin 
of  the  saline  waters  as  explained  by  the  seepage  of  the  ocean  through 
the  walls  or  concealed  crevices.  In  the  rainy  season  Brigham  says  the 
water  is  about  3  feet  deep,  and  large  quantities  of  water  rush  in  from 
the  mountains  through  a  hole  near  the  center  of  the  basin  (a  spring), 
and  the  bottom  is  covered  by  a  blue  mud  several  inches  deep.  During 
the  dry  season  the  lake  contracts  to  one-third  its  size.  The  walls  of 
Aliapakai  are  50  feet  high  on  the  southern  border  and  200  on  the  northern 
side.  The  lowest  depression  is  to  the  northwest,  while  there  has  been  a 
breaking  down  or  removal  of  a  large  part  of  the  rim  on  the  east,  next  to 
the  government  road.  In  the  lower  part  of  the  basin  on  the  south  side 
some  of  the  original  coral  reef  through  which  the  tuff  had  been  ejected 
is  still  visible.  The  tuff  contains  large  and  small  fragments  of  basalt  of 
various  kinds,  with  chrysolite  fragments  up  to  one  foot  in  length,  and 
there  are  crystals  of  augite,  biotite,  and  garnet ;  also  pieces  of  the  coral 
reef.  The  chrysolite  came  perhaps  from  the  source  of  the  chrysolitic 
basalt  described  among  the  rock  exposures  at  the  Pali. 

To  the  south  and  west  of  the  Salt  lake  one  sees  large  boulders  strewn 
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winds  and  storms  from  their  source,  filling  the  valley,  and  were  depos 
lower  down.     These  leaf  beds  are  elevated  about  20  feet  above  tidewj 

SECTION  NEAR  MOAN  ALU  A 

A  more  detailed  study  of  the  relations  of  several  deposits  is  post 
in  the  bluffs  less  than  half  a  mile  west  from  Moanalua  station  a 
the  railroad.  The  first  exposure  is  of  a  raised  limestone,  contaii 
marine  shells  and  broken  corals,  apparently  declining  beneath  ea 
tufiaceous  beds  in  a  westerly  direction.  Following  the  bhiff,  after  a 
in  the  continuity,  there  is  an  excellent  exposure  for  many  rods  w 
fresh  excavations  have  been  made  for  the  railroad.  It  shows  even  Ix 
now  than  when  photographed  (plate  6,  figure  2).  The  bluffs  is  estim 
to  be  40  feet  high.  The  lower  portion  is  an  earth  or  soil  existing  b^ 
the  eruption  from  Aliipakai,  for  trees  grew  on  it  and  were  not  consu 
at  the  time  of  the  eruption.  Their  stems  stand  upright  in  the  tui 
may  be  seen  by  a  scrutiny  of  the  figure.  This  upper  layer  may  b 
or  12  feet  thick  and  the  stems  can  be  seen  along  the  whole  length  ol 
blufi*,  some  of  the  holes  being  a  foot  in  diameter.  It  is  easy  enoug 
imagine  the  scene.  There  was  a  forest  growth  on  the  soil  of  the  1( 
part  of  the  section.  Showers  of  sand  and  stones  covered  tKe  fores 
feet  deep,  occupying  the  spaces  between  the  stumps,  and  in  the  co 
of  years  a  new  soil  accumulated  and  vegetation  assumed  its  sway  on 
surface  of  the  tufa,  and  the  impressions  made  by  the  stubs  remain,  ei 
hollow  or  filled  by  miscellaneous  mud.  They  are  like  the  upright  1 
casts  found  in  the  cliff's  of  the  Joggins,  Nova  Scotia. 

Following  this  bluff"  to  the  west,  one  notices  that  the  tufa  sinks  d 
in  small  waves,  due  to  the  giving  way  of  masses  of  the  loose  soil  bene 
Near  the  west  end  of  the  bluff*  both  the  tuff"  and  soil  appear,  and 
latter  is  underlaid  by  a  coral  reef  8  or  10  feet  thick.  This  is  undei 
again  by  tuff*,  as  seen  under  the  iron  rails,  and  toward  the  sea  thei 
coral  again.     Hence  the  succession,  as  indicated  here,  is : 

1.  The  main  coral  reef. 

2.  Thin  layer  of  tuff. 

3.  Coral  reef  or  limestone. 

4.  Decomposed  rock  sustaininjj:  a  soil  covered  by  forest. 

5.  Eruption  of  tuff  from  Aliapakai  covering  the  country  from  the  promor 
east  of  Moanalua  to  Puuloa  and  beyond. 

6.  There  may  be  added  a  long  interval  of  time  during  which  the  gorge  in 
upper  Moanalua  stream  has  been  excavated. 

As  one  follows  the  railroad  beyond  the  bluff*  he  can  see  the  1 
gradual  slope  from  Aliapakai  extending  indefinitely  toward  Pearl  ri 
The  rocks  come  to  the  surface  everywhere.     Be3'ond  Puuloa  sta 
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orer  the  surface  as  far  as  to  the  railroad,  which  in  certain  situations  rest 
on  a  cushion  of  tuff,  looking  just  as  if  they  had  fallen  from  the  sky  on 
soft  mud.  Figure  1,  plate  6,  shows  the  appearance  of  such  an  indentation 
with  its  boulder,  and  others  appear  in  the  distance.  The  largest  of  the 
fragments  observed  in  the  neighborhood  is  8  feet  square  and  4  feet  high. 
Nearer  the  lake  large  stones  are  imbedded  in  the  tuff,  which  wraps  them 
in  concentric  layers,  and  therefore  it  is  probable  that  all  of  them  orig- 
inally occupied  similar  positions. 

Aliamanu  is  on  the  north  side  of  Salt  lake,  and  has  smaller  dimen- 
sions, while  its  base  is  elevated  50  feet  above  the  sea,  and  in  the  wet 
season  may  show  a  large  pond  of  water.  More  exact  measurements  make 
Aliapakai  3,000  and  4,000  feet  in  the  two  diameters,  and  Aliamanu  1,300 
and  2,000  feet.  The  highest  part  of  the  circular  wall,  Leilono,  on  the 
north  side  of  Aliamanu  is  486  feet  above  tide  water.  On  much  of  its  bared 
extent  may  be  seen  a  conspicuous  white  coating  of  calcium  carbonate, 
with  limestone  fragments  and  the  other  constituents  mentioned  as  exist* 
ing  in  the  Salt  Lake  tufif.  The  government  road  on  the  east  side  of  these 
craters  has  been  cut  through  solid  basalt  and  clinkers  that  belong  to  the 
Koolau  range,  as  also  many  pebbles  and  cobbles  containing  a  profusion 
of  crystals  of  labradorite  in  the  bed  of  the  stream,  a  branch  of  Moanalua. 
Both  of  the  Salt  Ijake  craters  exhibit  well  the  usual  double  quaquaversal 
stratification,  and  the  dividing  rim  belongs  to  both. 

Mr  Green  regards  the  Salt  Lake  craters  as  the  oldest  of  the  secondary 
cones  about  Honolulu,  because  of  the  considerable  erosion  that  is  indi- 
cated, and  this  may  be  well  seen  in  the  view  from  the  Pearl  City  neigli- 
borhood.  On  looking  at  a  large  scale  map  it  will  be  noted  that  the 
more  western  branch  of  Moanalua  stream  was  dammed  up  by  the  Salt 
I^ke  outflows,  and  consequently  the  water  has  been  forced  to  cut  its  way 
through  them,  excavating  a  canyon  more  than  a  hundred  feet  dee]). 
Portions  of  the  tuff  now  lie  on  the  eastern  bank,  resting  on  the  Koolau 
basalt.  The  part  deeply  excavated  is  not  quite  a  mile  in  length.  This 
western  branch  joins  the  eastern  above  Moanalua  station,  and  the  en- 
larged stream  continues  to  the  sea  through  a  broad  plain,  in  the  direc- 
tion of  the  latter  valley.  The  low  plain  is  half  a  mile  wide,  now  occu- 
pied by  rice  fields,  and  its  whole  area  was  once  occupied  by  the  tuff', 
because  it  constitutes  the  promontory  on  the  east  side.  The  upper  jmrt 
consists  of  large  rounded  pebbles  underlaid  by  an  earth  exhibiting  fossil 
plants  on  the  road  east  of  the  Pacific  guano  fertilizer  establishment. 

Professor  A.  B.  Lyons  calls  attention  to  a  fine  grained  sandstone  which 
originated  in  connection  with  the  building  up  of  the  Salt  Lake  craters. 
The  material  was  brought  down  the  Moanalua  stream,  consisting  per- 
haps of  fine  particles  blown  out  of  the  crater,  which  were  carried  by 
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side.  It  is  covered  generally  by  a  thick  matted  mass  of  grass,  and  the 
eastern  part  of  the  crater  by  tree  ferns.  The  rock  is  rarely  exposed, 
being  a  basalt  very  much  softened  by  decay.  The  underlying  rock  has 
been  softened  down  to  a  clay.  The  depth  of  the  basin  is  estimated  at 
250  feet  below  the  rim.  The  immense  mass  of  coarse  black  ash  at  the 
base  of  the  cone  and  all  along  the  carriage  road  above  Punchbowl  make 
it  probable  that  it  was  one  of  the  products  of  eruption  from  Tantalus. 
Tantalus  is  situated  upon  the  west  slope  of  the  Koolau  range,  1,6(X) 
feet  above  the  sea,  and  is  probably  only  one  of  many  others  similarly 
located  in  the  unexplored  region.  It  is  also  to  be  compared  with  the 
source  of  the  red-ash  clinker  deposit  mentioned  in  the  description  of  the 
Pali  phenomena  and  the  small  nameless  crater  a  mile  west  from  tlie 
Pali  summit.  Being  quite  near  Honolulu  and  reached  by  an  excellent 
carriage  road  with  low  grades,  it  is  becoming  a  place  of  much  resort  for 
pleasure  and  soon  of  residences.  One  of  these  little  known  craters  is 
mentioned  by  Brigham  on  page  17  of  his  "  Notes  "  : 

**  At  the  head  of  Punainu  valley  is  a  large  cone  crater  from  which  radiate  sev- 
eral valleys,  as  the  Kahana,  Kaliiwaa,  Puiialuii,  and  otherR.  This  crater  is  densely 
wooded,  and  occupies  nearly  the  center  of  the  range.  No  one  seems  to  have  as- 
cended it,  and  it  is  imporaible  to  say  how  deep  the  cavity  may  >3e,  but  the  internal 
slopes  as  seen  from  below  seem  to  be  quite  steep,  and  probably  the  outer  wall  is 
broken  down.    Soft  red  clinkers  are  found  in  the  stream  at  Kaliiwaa." 

PUyCHBOWL  OR  PrOWAINA 

This  is  a  tuff  cone  on  the  edge  of  the  city  of  Honolulu,  and  is  situated 
at  the  base  of  Koolau  Poko,  very  nearly  in  the  outlet  of  Pauoa  valley. 
It  is  498  feet  above  the  sea,  and  rises  from  the  edge  of  a  plain  40  or  50 
feet  high.  The  spread  of  the  cone  is  just  a  mile.  The  top  is  2,200  feet 
in  its  longest  and  1,800  feet  in  its  shortest  diameter.  The  depression  of 
the  bowl  is  about  150  feet  on  the  southeast  side,  and  a  considerable 
chasm  has  been  channeled  out  by  the  descending  waters  accumulating 
in  the  basin.  Good  carriage  roads  ascend  the  hill  from  both  sides,  unit- 
ing in  the  saddle  on  the  northeast  side  at  a  height  of  263  feet,  and  then 
curving  around  the  east  side  so  as  to  pass  through  the  lowest  point  in 
the  rim.  It  is  an  excellent  place  from  which  to  see  not  only  the  city  but 
most  of  the  localities  of  geological  interest.  Most  of  the  year  tlie  sides 
of  Punchbowl  are  covered  by  scanty,  parched  vegetation,  as  there  is  no 
reason  for  its  irrigation.  The  rock  is  tuff,  with  a  resinous  luster  or 
palagonite.  Being  frequently  yellowish  brown  in  color,  Professor  Dana 
says  the  color  is  evidence  that  the  temperature  of  the  water  was  below 
200  degrees  Fahrenheit  when  the  beds  were  deposited.  The  structure 
is  clearh'  that  of  the  normal  volcanic  cone,  the  strata  dipping  quaqua- 
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Tersally  inward  from  the  exterior  rim  and  similarly  outwardly  from  the 
edge  of  the  crater.  The  best  place  to  examine  the  beds  is  at  a  quarry 
at  the  southwest  base  below  the  reservoir.  A  space  as  much  as  500  by 
400  feet  has  been  excavated  to  the  depth  of  40  or  50  feet.  Many  irreg- 
ularities in  the  dip  are  exhibited,  particularly  two  upward  bulgings 
with  small  faults.  Photographs  show  this  imperfectly.  Nearly  vertical 
seams  are  lined  with  a  calcareous  incrustation,  originating  presumably 
in  connection  with  the  outburst  through  limestone.  A  few  spherules  of 
thomsonite  occur  and  fragments  of  vesicular  basalt.  An  artesian  well 
at  the  Queen's  hospital  has  penetrated  through  this  tuff,  showing  an  ex- 
tension of  the  volcanic  mud  in  that  direction.  The  underlying  material 
of  the  plain  seems  to  be  shown  in  a  pit  on  Vineyard  street,  where  there 
was  exposed  15  feet  thickness  of  earth  with  rolled  pebbles  and  marine 
shells.  At  a  quarry  1,000  feet  east  from  the  one  named,  there  are  layers 
of  a  black,  compact  rock,  perhaps  a  finer  mud  consolidated.  Interest- 
ing sections  showing  the  relations  of  the  cindery  ashes  to  the  tuff  will  be 
described  later. 

At  the  upper  side  of  the  reservoir  is  an  interesting  dike  cutting  the  tuff 
vertically  and  underlying  the  ashes.  It  is  a  basalt  slightly  chrysolitic, 
3  feet  wide,  running  in  the  direction  of  the  summit,  an9  with  two  others 
mentioned  by  Brigham  near  the  ravine,  one  2  and  the  other  10  feet 
wide,  now  covered  by  debris,  have  cut  the  tuff  radially.  The  reservoir 
(like  shows  differences  between  the  outer  and  inner  portions,  that  on  the 
outside  being  finer  grained  and  the  inside  a  breccia.  Both  are  vesicular. 
There  are  joints  parallel  to  the  walls,  some  of  them  coated  with  lime. 
About  10  feet  of  the  dike  are  clearly  exppsed  here.  Seventeen  hundred 
feet  lower  down  in  the  direction  of  the  dike,  at  the  pumping  station,  there 
has  been  a  recent  volcanic  ejection  of  red  clinker,  a  sort  of  blow-hole, 
not  unlikely  connected  with  the  filling  of  the  chasm.  At  the  summit  of 
the  road,  where  it  winds  around  a  flag-staff  close  to  the  battery,  there  are 
fine  exposures  of  the  black  cinder  ash,  with  included  nodules,  red  clinker, 
and  compact  basalt,  slightly  porphyritic,  by  black  crystals  of  pyroxene. 
The  whole  interior  of  the  basin  is  covered  by  loose  black  ashes,  weathered 
to  brownish  red  at  the  surface.  In  Dixon's  "  Voyage  around  the  World  " 
there  is  a  picture  representing  the  Punchbowl  in  1786.  In  the  sketch  the 
eastern  part  of  the  rim  is  the  highest,  much  as  it  appears  from  Rocky  hill 
at  the  present  time.  Plate  7  represents  Punchbowl  as  it  is  seen  from  the 
east  from  a  higher  elevation.     The  drainage  outlet  is  at  the  extreme  left. 

DIAMOND  HEAD  OR  LEA  HI 

This  is  the  most  perfect,  as  well  as  the  best  kaown,  of  all  the  secondary 
craters  about  Honolulu.     Visitors  recall  it  as  the  prominence  seen  just 


44  C.  H.  HITCHCOCK— GEOLOGY   OF  OAHU 

before  reaching  port  from  the  east,  and  again  upon  resuming  their  voyage. 
Artists  have  vied  with  one  another  in  efforts  to  display  this  beautiful  hill 
on  paper  or  canvas,  and  every  one  is  intei*ested  in  viewing  the  channeled 
water-courses  upon  the  outside  and  the  barren  rocks  as  contrasted  with 
the  rice  fields,  cocoanut  groves,  and  the  green  plain  of  Waikiki,  a  health 
resort,  close  to  the  city  at  its  base.  It  is  a  truncated  hollow  cone,  4,400 
feet  in  the  greater  diameter  of  the  rim,  and  4,300  in  the  shorter  diameter. 
The  elongation  is  in  the  direction  of  the  trade  wind,  and  consequently 
the  southwest  side  is  higher  and  thicker  than  its  opposite.  This  fact, 
first  stated  by  W.  L.  Green  and  reiterated  by  all  later  authors,  applies 
to  many  others  of  the  secondary  craters  as  well  and  to  the  direction  of 
the  spread  of  the  eolian  beds.  The  southern  highest  part  is  761  feet 
above  the  sea  at  its  base,  the  opposite  end  being  somewhat  lower,  ami 
there  is  not  much  variation  in  the  rim  elsewhere.  Inside,  in  the  wet 
season,  tliere  is  a  pond  at  the  lowest  point,  200  feet  above  the  sea,  as  near 
as  may  be  to  the  eastern  wall.  From  the  outside  Diamond  head  looks 
like  a  solid  hill,  and  with  its  reddish  tint  and  apparent  strata  is  very  sug- 
gestive of  buttes  in  the  Chalcedony  park  of  Arizona. 

The  diameters  of  the  base  of  this  crater  are  5,000  and  6,000  feet  re- 
spectively, making  the  seashore  the  extreme  southwest  limit.  The  tuff 
has  been  recognized  in  the  very  deep  well  sunk  by  James  Campbell  near 
the  seashore  at  Waikiki.  Two  hundred  and  seventy  feet  of  tuff  were 
penetrated  by  the  drill  beneath  50  feet  of  beach  sand  and  gravel.  The 
diameter  of  the  base  may  not  be  extensive  enough,  since  the  tuff  crops 
out  at  Kupikipikio  nearly  three-quarters  of  a  mile  easterly  from  the  rim 
of  Diamond  head. 

The  structure  of  this  cone  is  typical  of  its  class — ^a  broad,  shallow, 
saucer-shaped  crater,  with  layers  dipping  toward  the  center  inside,  and 
outside  outwardly  in  every  direction  at  angles  of  30  to  35  degrees.  It 
would  seem  that  the  mud  was  forced  directly  upward  from  the  center, 
the  surplus  flowing  over  the  outside  of  the  cone  in  every  direction,  and 
after  the  supply  had  ceased  to  come  the  inner  portions  fell  back  toward 
the  vent.  The  fragments  consist*  of  every  variety  of  the  older  basalts, 
with  much  limestone,  corals,  and  shells  that  were  torn  off  by  the  ascen- 
sive  force  of  the  eruption  from  the  coral  reef  beneath.  Mr  Green  sug- 
gested that  some  of  the  lime  came  from  the  evaporation  of  ocean  water. 
Nowhere  is  the  lime  more  abundant  than  it  is  here  among  the  secondary 
craters.  It  has  been  dug  out  and  used  for  chalk  in  the  early  days  of  the 
settlement.  The  tuff  lias  been  much  exposed  to  the  elements,  and  is 
consequently  very  friable.  It  is  a  palagonite  like  that  of  Punchbowl. 
Professor  Dana  says  that  since  1840  the  highest  part  of  Diamond  head 
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**haa  lost  something  of  its  boldness  "  by  erosion.    W.  T.  Brigham  says 
on  page  20  of  his  "  Notes :  " 

"  In  the  winter  of  1864,  daring  a  severe  rain,  when  36  inches  of  water  fell  in  a 
week,  a  deposit  of  mud  2  feet  in  depth  was  formed  over  the  inner  basin,  and  the 
degradation  of  the  exterior  was  still  more  extensive.  The  southwest  end,  which 
is  the  highest  point,  was  formerly  quite  accessible,  but  can  now  [1867]  only  be 
scaled  by  ladders  or  ropes." 

It  was  quite  easily  climbed  in  1883  and  is  at  the  present  time,  as  is  evi- 
denced by  the  fact  of  its  ascent  by  thousands  of  soldiers  in  their  brief 
sojourns  at  Honolulu  en  route  to  and  from  Manila.  Mr  Brigham  thinks 
the  summit  is  now  (1899)  25  feet  lower  than  it  was  when  he  first  explored 
it,  more  than  30  years  previous. 

The  relations  of  Diamond  head  to  Kaimuki,  the  next  volcanic  cone 
inland,  are  very  clear.  The  basalt  of  Kaimuki  clearly  overlies  the  tuff 
in  the  notch  between  the  two  craters.  Its  superior  position  is  apparent 
for  several  rods,  and  the  tuff  has  evidently  been  affected  by  the  heat  of 
the  basalt.  The  relations  are  still  better  seen  at  the  promontory  east  of 
Diamond  head  called  Kupikipikio,  which  owes  its  existence  to  the  thick 
basaltic  flow  which  covered  the  tuff  over  many  acres  of  extent.  The 
tuff  is  capped  by  fine  black  ashes  from  9  to  10  feet  thick,  thought  to  have 
come  from  Diamond  head,  because  in  the  spot  nearest  that  sunnnit  they 
slope  away  from  it.  No  signs  of  this  ash  have  been  recognized  on  the 
leeward  side,  probably  because  of  the  prevalence  of  very  low  ground  and 
uf  the  ocean.  The  greatest  distance  of  carriage  on  Kupikii)ikio  is  not 
quite  three-quarters  of  a  mile  from  the  eastern  rim  of  Diamond  head. 
The  upper  part  of  the  ash  has  been  weathered  to  a  reddish  brown  color 
and  covered  by  the  basalt ;  so  the  section  is  very  clearly  tuff  at  the  base, 
aiihes  both  unaltered  and  weathered,  covered  by  bajsalt. 

It  may  be  well  to  describe  here  the  interesting  basaltic  dike,  perhaps/ 
of  later  origin  than  the  ash  beds,  as  they  seem  at  one  place  to  have  been 
disturbed  by  its  ejection.  Quite  near  the  last  house  on  the  seashore, 
coming  easterly  from  the  lighthouse,  i^  a  fine  exposure  of  a  basaltic  dike 
from  3  to  6  feet  wide,  forming  a  cliff  25  feet  high,  exposed  to  the  sea. 
It  is  very  nearly  vertical,  possibly  inclined  80  degrees  northeasterly.  Its 
course  by  compass  is  north  50  degrees  west,  running  toward  Diamond 
head.  Farther  on,  this  dike  has  cut  the  coral  reef  for  several  hundred 
feet.  It  stands  apart  by  itself,  the  softer  limestone  having  been  eroded 
by  wave  action,  and  it  looks  like  the  foundation  wall  of  some  building. 
The  outside  of  this  exposed  dike  is  compact,  next  its  boundary  walls, 
and  the  inside  is  composed  of  spherical  pieces  of  basalt,  with  concentric 
structure  inside.     Petrographically  it  resembles  the  Kaimuki  basalt. 
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Professor  Maxwell  says  the  limestone  here  has  been  altered  to  gypsum. 
At  Kaena  point  I  found  ledges  where  a  basalt  had  penetrated  the  coral 
limestone  and  indurated  the  calcareous  rock  with  included  cyprxa. 
Hence  we  have  the  evidence  of  a  very  late  volcanic  eruption  at  localities 
very  widely  separated,  upon  Oahu. 

Plate  8  represents  Diamond  head  as  seen  from  the  summit  of  Punch- 
bowl. Maxwell  says  the  slopes  of  Diamond  head  and  Punchbowl  are 
white  with  deposits  of  silica  and  carbonate  of  lime,  etcetera  (page  39). 

ROCKY  HILL,  KAIMUKI,  AND  MAUUMAB 

Three  basaltic  craters,  quite  near  each  other  and  within  easy  reach  of 
Honolulu,  remain  to  be  mentioned,  and  the  facts  should  be  placed  upon 
record  before  the  extension  of  the  city  shall  have  obscured  their  present 
topography. 

Rocky  hill  lies  just  east  of  Oahu  college,  in  Punahou,  blocking  up 
Manoa  valley.  Its  height  is  297  feet  above  the  sea.  The  rock  is  a 
clinker,  weathering  roughly.  The  crater  has  been  broken  down  on  the 
side  toward  the  college,  and  the  eastern  wall  must  be  more  than  100 
feet  high.  The  slope  toward  Manoa  is  mostly  smooth,  the  rough  ledges 
having  been  covered  by  thick  deposits  of  the  black  cinders  blown  down 
from  the  Tantalus  craters.  At  the  highest  point  in  the  road  between 
Rocky  hill  and  Round  top  is  a  very  large  dike  of  basalt  that  has  been 
quarried  for  building  stone  and  road  metal.  The  central  portion  is  com- 
pact, with  few  jointed  seams.  On  both  sides  the  material  seems  to  possess 
the  same  character,  but  is  traversed  by  many  columnar  jointed  seams 
dipping  westerly  and  quite  contrasting  with  the  central  mass.  Still  out- 
side there  are  multitudes  of  the  spherical  columnar  stones  imbedded  in 
reddish  clayey  cement,  and  they  seem  to  be  a  part  of 'the  dike,  making 
a  width  of  70  or  80  feet.  The  point  of  contact  with  the  adjacent  Koolau 
basalt  is  not  seen.  The  fact  of  the  existence  of  a  ridge  having  the  direc- 
tion of  the  dike  from  Rocky  hill  to  the  base  of  Round  top,  and  the  dike 
being  on  the  divide  itself,  suggests  its  derivation  from  the  crater.  The 
rock  all  the  way  to  Wilder  avenue  from  the  summit,  consisting  of  drab 
and  dark  brown  compact  or  vesicular,  often  chrysolitic  basalts,  is  prob- 
ably a  part  of  the  Koolau  series.  Along  the  road  there  are  bunches  of 
hard  rock,  encircled  by  red  friable  cement,  that  represent  probably'  the 
ordinary  decay  of  the  older  rocks. 

There  is  a  quarry  in  the  basalt  at  the  end  of  a  tram  road  to  the  west 
of  the  Moiliili  church  where  very  much  rock  has  been  excavated.  The 
matenal  is  now  used  for  road  metal.  The  limestone  occupies  the  low 
ground  in  front,  and  in  the  seams  of  the  rock  are  many  films  of  calcium 
carbonate  and  silica,  indicating  the  presence  beneath  of  the  reef.    It  is 
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surmised  that  this  rock  came  from  Rocky  hill,  as  there  is  a  slope  from 
the  crater  to  the  quarry  and  to  the  church.  There  are  several  masses  of 
cinders  interrupting  the  continuity  of  the  basalt,  which  are  suggestive 
of  blow-holes  and  steam  vents.  A mygdaloidal  and  zeolitic  minerals  occur 
at  the  quarry.  Phacolite  and  laumontite  have  been  identified  among 
them.  Calcite  and  amorphous  silica  are  also  present,  the  latter  on  sur- 
faces several  square  feet  in  extent  in  rudely  parallel  lines.  The  bluff  is 
traversed  by  small  veins  full  of  nephelite,  granular  raelilite,  and  augite. 
£ither  of  these  minerals  may  form  a  layer  of  crystals,  closely  crowded 
together,  all  standing  vertically  to  the  plane  of  occurrence.  Veins  three 
inch^  wide  or  less  abound  in  these  minerals,  mixed  with  a  multitude  of 
acicular  crystals  of  kaliophilite.  Mr  Wirt  Tassin  has  identified  these 
species.  This  is  the  most  interesting  mineral  locality  seen  anywhere  on 
the  island. 

Kairouki  is  the  small  crater  north  from  Diamond  head,  292  feet  above 
tidewater,  otherwise  known  as  Telegrapli  hill.  It  was  first  described  and 
figured  by  Dana  in  the  exploring  expedition  report.  Kaimuki  and 
Mauumae  are  both  represented  in  that  report  as  beautifully  rounded 
craters,  by  the  side  of  Diamond  head ;  but  no  one  could  find  them  now 
if  he  were  oblie^ed  to  discover  cones  as  handsome  as  those  there  delineated . 
Kaimuki  is  estimated  to  be  about  900  feet  in  dianieter,  50  feet  dee]),  and 
somewhat  depressed  on  the  side  toward  Diamond  head.  On  the  other 
side  a  sort  of  blow-hole  has  brought  forth  a  large  amount  of  brick  red 
and  gray  clinker.  The  chief  flow  has  been  toward  Moiliili  church.  It 
is  a  solid  basalt  containing  much  iron,  as  is  proved  by  the  red  earth,  pro- 
duced by  disintegration,  lying  on  it.  A  certain  block  is  pointed  out 
by  the  side  of  the  road  which  sounds  like  a  bell  when  struck  by  a  ham- 
mer or  stone.  This  particular  block  is  especially  sonorous  because  it 
docs  not  rest  securely  on  the  ground. 

The  road  east  from  thechurch  passes  between  Kaimuki  and  Mauumae, 
and  the  lowest  point  in  the  divide  will  represent  the  meeting  place  of 
the  lava  from  the  two  craters.  Real  estate  agents  are  opening  new  streets 
across  this  northerly  slope,  and  some  quarries  are  furnishing  stone  suitable 
for  building  purposes.  Some  of  it  is  amygdaloidal,  and  probably  the 
minerals  found  will  be  like  those  in  the  quarry  on  the  other  side  of  the 
old  church.  This  lava  has  spread  itself  over  the  coral  reef  at  the  base  of 
the  flow  on  the  Waikiki  side;  on  the  other  side  it  reached  to  the  older 
Koolau  basalts,  blocking  up  the  Palolo  valley,  so  that  the  stream  had 
to  change  its  course — excavate  a  canyon  for  itself — and  join  the  Manoa 
river,  which  had  been  displaced  by  another  flow.  The  united  river  flows 
to  the  sea  at  Waikiki,  across  extensive  rice  fields.  It  is  easy  to  see  the 
limits  of  the  Kaimuki  flow  on  the  Koolau  side  of  the  canyon. 
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On  the  east  side,  toward  Waialae,  the  flow  has  been  equally  extensive. 

The  division  line  between  Kaimuki  and  Mauumae  is  not  well  marked, 
but  for  practical  purposes  may  be  placed  at  the  lowest  line  between  the 
two  not  far  from  the  road  over  the  hill.  Excavations  show  all  sorts  of 
lava  with  clinker.  Passing  to  the  summit  one  sees  quite  a  number  of 
lava  bombs  of  small  size  strewn  over  the  surface.  The  rock  is  mainly 
compact  basalt  with  more  or  less  clinker.  It  is  higher  than  Kaimuki. 
Standing  on  the  summit  the  west  side  is  seen  to  be  very  abrupt,  and  the 
break-down  is  toward  Waialae.  With  the  bombs  are  rough  fragments 
that  were  plastic  at  the  time  of  eruption,  and  many  stones,  up  to  two 
feet  in  diameter,  that  must  have  been  ejected  at  the  same  time.  Some 
of  the  seams  are  lined  with  lime,  suggesting  the  contiguity  of  the  coral 
rock  underneath — the  same  that  underlies  the  Kaimuki  flow  on  the 
"  white  road  " — and  which  has  been  pierced  by  the  drill  in  the  borings 
for  artesian  wells  between  the  continuation  of  Beretania  avenue  and 
Waikiki. 

KOKO  HEADS 

The  eastern  and  highest  Koko  head  is  almost  the  flrst  bit  of  land  seen 
by  the  traveler  from  the  east  en  route  for  Honolulu.  It  is  a  very  well 
deflned  volcanic  cone  1,200  feet  high,  6,000  feet  long,  or  7,000  in  a  north- 
west-southeast direction,  and  broken  down  on  the  east.  The  inside  of 
the  crater  is  1,500  feet  in  diameter  from  north  to  south,  and  100  feet  less 
in  the  east-west  direction.  The  ascent  is  gradual  from  the  sea  to  the 
floor  of  the  crater,  commencing  with  some  flat  lands  that  may  have  been 
of  marine  origin.  It  looks  as  if  one  could  drive  a  team  with  ease  from 
the  seashore  to  the  inside  of  the  crater.  The  Hawaiian  name  for  this 
eastern  head  is  Kokelipelipe. 

An  examination  of  the  north  side  shows  it  to  be  composed  at  the  sur- 
face of  ashy  beds,  very  friable,  dipping  25  degrees,  corrugated  by  narrow 
ravines  down  which  large  blocks  have  fallen.  There  are  no  fragments 
of  basalt  among  them.  The  underlying  beds  are  of  palagonite  of  yel- 
lowish color.  Near  the  border  the  dip  is  much  smaller,  approaching 
horizontality.  The  tuff  can  be  seen  to  overlie  the  Koolau  basalt  for  a 
distance  of  300  feet.  Some  small  portions  of  this  tuff  may  be  compared 
with  a  cobbly  conglomerate ;  the  most  of  it  is  not  coarse.  The  facts  of 
superposition  are  revealed  by  erosion  against  a  ridge  connecting  Koko 
with  the  Koolau  range. 

From  the  west  the  structure  is  clearly  seen,  the  slopes  being  steep, 
too  much  so  for  comfortable  climbing,  and  the  upper  layers  at  the 
angle  have  been  denuded,  showing  a  fine  anticlinal,  with  the  dip  varying 
from  45  to  60  de<^rees.     The  outer  layer  is  of  ashes,  the  inner  yellow 
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coiichoidal  tuff.  This  tuff  is  continuous  around  the  south  side  of  the 
cone.  At  the  southern  base  it  is  covered  by  black  ashes.  Large  frag- 
ments of  compact  chrysolitic  basalt  are  found  close  by,  which  have 
probably  come  from  openings,  dike  like,  near  the  base  of  the  cone. 
Lines  of  these  fragments  extend  across  the  space  between  the  Kokos  and 
up  the  slope  of  the  western  head.  Pieces  a  yard  across  rest  upon  the 
tuff.  Further  examination  will  probably  reveal  the  presence  of  dikes 
like  that  on  Kupikipikio. 

None  of  the  secondary  craters  thus  far  discovered  surpass  the  eastern 
head  in  the  clearness  of  the  double  quaquaversal  dips.  Between  the 
two  Koko  heads  is  a  circular  hole,  800  feet  across,  which  looks  like  a 
small  crater.  The  beds  dip  away  from  it  on  all  sides,  and  the  walls  are 
stained  by  a  white  incrustation. 

The  western  Koko  head  is  9,000  feet  long,  5,500  feet  wide,  including 
the  possible  crater  just  mentioned.  The  eastern  portion  is  a  long  hill, 
from  200  to  300  feet  high,  with  numerous  blocks  of  limestone  on  its  sur- 
face.   It  is  composed  of  tuff,  capped  by  ash  beds. 

Hanauma  is  a  circular  bay  in  the  center,  2,500  feet  long  and  1,750  feet 
wide,  which  seems  to  be  the  central  crater,  now  entirely  worn  away  on 
the  side  toward  the  ocean,  and  the  dips  quaquaversal  about  it.  The 
highest  point  near  the  western  end  is  called  Kuamookane,  644  feet.  The 
dip  here  is  toward  Hanauma  on  the  inside,  but  to  the  southwest  toward 
the  outer  side  of  the  head  on  Kawaihoa.  Brigham  speaks  of  a  small 
crater,  covered  with  grass,  on  the  west  side  of  Hanauma,  and  also  of 
blocks  of  lava  on  top  of  Kuumookane,  which  he  suggests  may  have 
been  carried  there  by  Hawaiians  in  ancient  times  for  monumental  pur- 
poses. 

Both  Koko  heads  are  more  or  less  covered  by  a  deep  red  soil,  showing 
that  a  long  time  has  elapsed  since  the  craters  have  been  active.  For  3 
miles  the  seaward  sides  of  these  heads  are  precipitous,  because  of  the 
action  of  the  ocean.  Interesting  inscriptions  and  burial  caves  are  re- 
ported recently  as  found  on  the  greater  head. 

I  was  unable  to  visit  the  craters  on  the  Kaneohe  peninsula.  They  are 
said  to  be  composed  of  tuff. 

Black  Ash 

The  city  and  environs  of  Honolulu  are  widely  covered  by  a  coarse 
Hack  ash  or  sand  of  volcanic  origin.  It  is  so  coarse  and  uniform  that 
it  has  been  utilized  for  the  removal  of  all  sorts  of  sewage  from  the  houses 
to  the  sea.  When  the  population  was  sparse  this  material  rendered  the 
laying  of  cement  pipes  unnecessary,  as  it  removed  the  waste  matter  in 
a  satisfactory  manner.     Now  that  the  population  has  greatly  increased. 
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there  is  a  call  for  an  improvement  over  this  primitive  method  of  drain- 
age. Nevertheless,  facts  about  the  distribution  of  this  ash  will  still  be 
of  importance,  as  it  will  be  years  before  all  parts  of  the  city  can  be 
reached  by  the  new  sewers. 

The  extreme  northeastern  limit  of  the  black  ash  is  at  the  base  of  the 
Tantalus  cone,  where  it  is  well  exposed  along  the  road  for  a  quarter  of  a 
mile.  As  much  as  25  feet  thickness  of  it  is  presented  to  view  here. 
Some  of  it  is  weathered,  and  there  are  numerous  small  nodules  scattered 
through  it,  varying  in  size  from  grains  to  a  length  of  two  inches.  Some 
parts  seem  to  be  consolidated  lumps,  both  black  and  red.  This  mate- 
rial lies  at  the  southeast  base  of  Tantalus,  just  as  if  it  had  been  dis- 
charged from  the  crater  above.  Following  the  road  downward,  these 
ashes  appear  again,  perhaps  continuously,  at  the  very  southwest  base  of 
the  cone,  rising  40  feet  above  the  road.  Here  they  cease,  for  the  ridge 
is  only  just  wide  enough  for  the  road,  and  the  loose  material  would  have 
been  shed,  as  it  fell  from  the  air,  like  gravel  from  the  steep  roofs  of  a 
house.  The  ash  reappears  above  a  reservoir,  and,  except  at  a  spot  about 
1,000  feet  high,  it  continues  through  the  eucalyptus  forest  down  to  the 
lowest  great  curve  in  the  road  on  the  spur  of  the  mountain,  about  500 
feet  above  the  sea.  It  is  wanting  between  this  curve  and  Punchbowl, 
but  it  is  continuous  down  to  the  Lunalilo  house,  on  the  eastern  slope  of 
the  spur.  I  did  not  observe  any  of  this  sand  on  the  more  western  spur 
from  Tantalus. 

The  spur  running  down  to  Kakea  and  Roundtop  toward  Makiki  is 
covered  by  this  sand,  to  the  obscuration  of  the  underlying  rock,  nearly 
all  the  way  from  Tantalus.  A  small  pond  east  of  Kakea,  seemingly  an 
old  crater,  is  sometimes  spoken  of  as  the  source  of  the  great  flood  of  ash, 
as  it  is  continuous  from  it  over  the  top  of  Kakea,  1,460  feet  high,  and  all 
the  neighboring  summits.  All  these  hills  have  rounded  slopes,  as  if  they 
had  been  deluged  by  showers  of  sand.  It  poured  down  the  Manoa  slope 
as  far  as  to  the  residence  of  Mrs  S.  N.  Castle.  Roundtop,  1,062  feet,  is 
overlaid  by  the  same  material,  and  everything  is  covered  down  to  Wilder 
avenue  and  beyond.  The  road  from  Punahou  up  to  Manoa  valley  and 
the  north  side  of  Rocky  hill  shows  it  nearly  everywhere.  From  Oahu 
college  along  the  base  of  the  hills  sloping  down  from  Tantalus  and  around 
the  base  of  Punchbowl  the  amount  of  this  ash  reaches  its  maximum 
thickness. 

The  following  statements  give  the  thickness  of  this  material  as  found 
in  sinking  artesian  wells,  none  being  mentioned  east  of  Punahou.  At 
the  Woodlawn  dairy,  corner  of  Bingham  and  Alexander  streets,  there 
is  10  feet  of  soil,  20  of  sandy  clay  underlain  by  20  of  black  ash.  At  the 
ice  works,  one  mile  west,  there  are  10  feet  of  ash  under  4  feet  of  soil. 
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Nearer  the  sea  the  ash  is  6  feet  under  4  feet  of  soil.  At  Thomas  square, 
6  feet  under  6  feet  of  soil ;  at  the  pumping  works  the  ash  is  10  feet ;  at 
the  Government  (Palace)  yard,  4  feet  under  4  feet  of  soil ;  at  J.  B.  Ather- 
ton'a,  King  street,  12  feet  of  ash ;  at  the  Queen's  hospital,  10  feet.  On 
Vineyard  street  an  excavation  shows  10  feet  of  ash  over  a  marine  deposit. 
On  Hotel  street,  next  the  Library,  about  4  feet  of  ash  have  been  revealed 
by  recent  excavations.  Many  other  localities  have  been  noted  in  recent 
excavations  between  the  turn  from  King  street  to  Waikiki  to  Nuuanu 
stream. 

Much  may  be  learned  by  studying  the  phenomena  presented  about 
Punchbowl.  First,  however,  it  must  be  stated  that  this  material  is  used 
much  for  grading  and  filling  holes  in  the  roads,  and  about  buildings. 
Soon  after  its  application  it  becomes  rusty,  and  in  a  year  or  two  the  color 
has  completely  changed,  so  that  it  is  not  recognizable.  The  reddish 
color  of  the  road  and  the  sidewalks  all  over  the  city  indicates  its  pres- 
ence to  those  who  understand  what  the  black  ash  may  become,  and  its 
pulverization  gives  rise  to  the  dust  so  freely  blown  by  the  trade  winds 
into  one's  face  all  over  the  city.  A  very  prolific  source  of  it  is  from  the 
slopes  of  Punchbowl,  where  it  may  be  seen  in  abundance,  both  in  the 
original  and  altered  conditions.  At  the  '*  Battery,''  on  the  summit  of 
the  road,  this  ash  occurs  in  connection  with  scoria,  lapilli,  and  basalt. 
It  is  apparently  the  throat  through  which  there  have  been  copious  dis- 
charges. The  greater  part  of  the  inside  of  the  bowl  is  covered  by  it,  and 
those  who  believe  the  whole  material  came  from  Tantalus  would  say  it 
had  rain^  down  into  the  bowl  from  the  sky.  Nearly  opposite  the 
lowest  point  in  the  rim  of  the  bowl  there  is  a  hill  (197  feet)  known  as 
the  "  Powder  Magazine,"  entirely  composed  of  this  sand,  said  by  some 
to  have  been  blown  out  there  from  Punchbowl.  While  this  may  be  true, 
it  is  not  necessarily  so  because  of  excavations  of  the  ravine  between  the 
Magazine  and  the  Bowl  by  running  water.  Near  the  upper  end  of  this 
ravine  there  is  a  great  ledge  of  these  ashes  compacted  together  and 
sloping  downward  as  much  as  35  degrees.  There  is  an  appearance  of 
sliding  over  tuff  in  this  ledge.  Ix)wer  down  the  ravine  the  sand  is  over- 
laid by  a  thick  deposit  of  pebbles  and  cobbles.  Other  locations  of  the 
sand  superimposed  on  the  tuff  may  be  seen  between  the  powder  mag- 
azine and  the  reservoir  (120  feet).  Just  below,  at  th^  quarry,  the  several 
heds  are  well  shown.  There  is  first  the  tuflf' at  the  base,  with  its  surface 
decomposed,  the  result  of  a  long  exposure  to  the  elements.  A  soil  was 
thus  formed.  Above  this  soil  appears  the  black  sand,  fully  25  feet  thick, 
and  the  surface  of  this  substance  has  changed  its  color  by  weathering 
and  allows  the  growth  of  existing  vegetation  on  it.  In  the  sand  there 
are  often  columnar  and  root-like  concretions,  sometimes  mistaken  for 
vegetation. 
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The  moat  westerly  exposure  of  theae  ashes  is  at  an  old  cemetery  between 
the  Insane  asylum  and  the  Bishop  museum.  Obviously  the  Nuuanu 
valley  may  have  been  filled  with  this  deposit,  which  has  nearly  all  been 
removed  by  fluviatile  erosion,  leaving  this  remnant  of  one  or  two  acres 
in  extent.  This  may  be  10  feet  thick,  as  shown  by  excavations,  with  caves 
and  pillars  of  a  similar  material  made  to  cohere  by  concretionary  attrac- 
tion. Here  may  be  seen  the  pebbles  overlying  the  ashes.  They  have 
been  seen  also  on  the  north  side  of  Punchbowl.  Hence  there  are  three 
localities  of  stones  thrown  out  from  Punchbowl  subsequently  to  the  dis- 
charge of  the  ashes.  It  is  to  be  noted  that  the  ashes  at  the  crest  of 
Punchbowl  near  the  flag-staff  and  tliose  below  Tantalus  and  over  Round- 
top  contain  numerous  nodules.  These  are  not  present  in  the  deposit  in 
the  lower  grounds  about  the  city.  Perhaps  their  greater  weight  explains 
why  they  are  limited  to  locations  near  their  point  of  departure. 

My  conclusion  in  regard  to  the  origin  of  this  coarse  black  ash  is  that 
it  probably  originated  in  at  least  three  craters— Tantalus,  the  pond 
east  of  Kakea,  and  Punchbowl.  The  other  shore  craters,  Diamond 
head  and  the  Kokos,  have  poured  out  freely  a  similar  but  finer 
grained  material,  and  Makalapa  may  have  been  the  source  of  the  con- 
solidated ash  plant  beds  near  Halawa.  I  have  also  found  the  same  sub- 
stance intercalated  in  a  limestone  on  the  shore  of  Fords  island.  Refer- 
ence has  been  made  elsewhere  to  red  ashes  discharged  from  the  I^aeloa 
craters  and  from  secondary  openings  on  Koolau. 

Rocks  of  the  basaltic  Areas 

There  is  little  variety  in  the  rocks  of  the  older  igneous  areas  on  Oahu. 
All  of  them  are  basalts,  consisting  of  the  common  mixture  of  augite  and 
])lagioclase,  usually  labradorite,  with  a  slight  sprinkling  of  magnetite. 
Chrysolite  is  very  common.  The  basalt  may  be  compact,  fine  grained, 
coarser  grained,  vesicular,  scoriaceous,  and  it  occurs  also  in  every  stage 
of  decay.  In  general  these  rocks  correspond  with  those  on  Hawaii  de- 
scribed petrograj)hically  by  E.  S.  Dana.*  I  will  mention  a  few  general 
facts  about  the  occurrence  of  these  varieties  at  specific  localities. 

At  Kaena  point  the  basalt  has  been  cut  by  a  large  dike,  11  feet  wide 
in  the  railroad  cut.  Of  this  the  outer  3  feet  on  each  side  are  slaty,  be- 
cause of  joints  parallel  to  the  sides,  and  the  inner  5  feet,  with  a  few  hor- 
izontal joinLs,  correspond  better  with  our  usual  notions  of  the  appear- 
ance of  basalt.  Southeast  from  this  first  exposure  the  dike  becomes 
larger — 13  feet  of  the  slaty  mass  on  one  side,  with  a  solid  core  of  8  feet 
thickness.     It  may  be  followed  readily  for  a  quarter  of  a  mile  along  the 


♦  Characteristics  of  Volcanoes,  pp.  318-354. 


ROCKS   OF   THE   BASALTIC   AKEAS  53 

railroad.  Some  of  the  vesicular  lava  weathers  white  and  loses  a  part  of 
its  substance,  so  that  it  seems  almost  like  pumice.  The  cliffs  by  the  side 
of  the  railroad  consist  of  thick  horizontal  basaltic  beds  cut  in  several 
places  by  small  vertical  dikes,  especially  at  Makua,  which  are  chryso- 
litic.    All  these  dikes  seem  to  trend  in  the  direction  of  Kaala. 

On  the  Oahu  plantation  the  vesicular  lava  is  of  two  kinds,  one  with 
large  irregular  cavities  and  the  other  with  rather  small  spherical  bubbles 
of  uniform  size,»equally  distributed  through  the  mass.  Doctor  S.  E. 
Bishop  thinks  these  varieties  are  characteristic  of  the  Aa  and  Pahoehoe 
lavas,  as  he  has  observed  them  at  the  typical  localities  on  Hawaii.  This 
suggestion  accords  with  what  I  have  seen  and  is  accepted  for  a  working 
hypothesis,  and  emphasizes  the  opinion  that  the  volcanic  phenomena 
of  Oahu,  Hawaii,  and  all  the  islands  are  identical  throughout. 

East  of  Bishop  museum  there  is  much  chrysolitic  basalt  in  ledges  that 
have  been  quarried.  One  opening  shows  an  immense  columnar  mass 
of  a  compact  gray  basalt,  which  represents  the  filling  of  an  old  lava 
conduit,  and  would  therefore  be  more  modern  than  the  surroundings. 
These  old  tunnels  must  have  been  commonly  filled  up  on  Oahu. 

Near  the  head  of  the  Palolo  valley  is  a  dike  crossing  the  valley,  nearly 
60  feet  thick,  and  running  parallel  with  the  Koolau  axis.  The  constit- 
uent minerals  are  more  crystalline  than  usual,  as  the  mass  seems  to  have 
cooled  slowly,  without  any  vesiculation.  It  has  a  specific  gravity  of  2.90, 
according  to  W.  L,  Green,  who  has  used  this  rock  as  the  text  for  a  dis- 
cussion of  the  relations  between  basalt  and  clinkstone.*  Its  peculiar- 
ities, according  to  him,  are  the  absence  of  chrysolite,  incipient  crystal- 
lization of  the  labradorite  and  augite,  light  color,  low  specific  gravity, 
and  a  subcolumnar  structure.  Mr  Tassin  finds  a  nephelite-melitite 
basalt  among  the  specimens  brought  from  the  Moiliili  quarry  cited 
above,  page  4().  This  is  not  the  same  as  the  nephelite  basalt  described 
by  Wichmann  in  "  Ballast  from  Oahu,"  1875. 

The  most  interesting  subject  concerning  the  basalts  is  their  decompo- 
sition. Some  reference  has  been  previously  made  to  it.  A  genuine 
basalt  is  by  decay  changed  to  a  mass  of  nodules  cemented  by  a  reddish 
clay  substance.  This  might  easily  be  mistaken  for  a  lava  flow  of  different 
age  and  character,  whereas  it  is  only  decomposition.  Examples  of  it 
are  common,  as  at  the  Ewa  church,  Oahu  plantation  in  the  gulch,  near 
Oahu  college,  ascending  the  hill  to  Manoa  valley,  etcetera.  After  the 
production  of  a  clayey  cement  the  transition  to  beds  of  sedimentary 
origin  is  easily  consequent,  since  streams  of  water  will  remove  and  con- 
centrate the  silty  material,  and  thus  is  formed  the  kaolin  to  which  allu- 
sion has  been  made.    This  subject  has  been  treated  in  a  masterful  way 

•  Vestiges  of  the  Molten  Globe,  part  II,  p.  135. 
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by  Doctor  Walter  Maxwell  for  the  Hawaiian  islands,  to  whose  work  the 
reader  is  referred  for  full  information.* 

Fossil  Land  Shells 

At  the  western  base  of  Diamond  head  I  have  gathered  many  speci- 
mens of  the  genera  AchfUinella  and  Helix  in  a  breccia  consisting  of  tuft' 
cemented  by  calcium  carbonate,  the  latter  mineral  havjng  been  derived 
from  the  underlying  reef  when  the  tuff  was  ejected.  The  order  of  gen- 
esis is : 

1.  Tlie  deposition  of  the  coml  reef  upon  an  ancient  lava. 

2.  The  ejection  of  tuff  through  an  opening  in  the  reef  produced  by  aeismic 
action,  probably  starting  in  shallow  water  and  bringing  up  samples  of  the  lava 
and  limestone. 

3.  The  cniter  of  Diamond  bead  supported  vegetation  on  its  flanks  above  the 
sealevel,  and  wliile  thus  situated  fragments  of  the  volcanic  rock  rolled  down  tlie 
steep  sides,  water  washed  the  lime  into  the  talus,  cementing  the  pieces,  and  the 
land  shells  contributed  their  shells  to  the  pile. 

4.  A  time  of  submergence  succeeded,  certainly  to  the  amount  of  40  feet— some 
say  200. 

5.  The  land  then  roi^e  to  its  present  level. 

The  breccia  is  fully  25  feet  thick,  and  hence  a  considerable  time  was 
required  for  its  accumulation.  At  a  quarry  it  is  easy  to  divide  the 
strata  into  three  parts,  in  the  upper  two  of  which  the  shells  are  found. 
The  locality  was  first  described  by  Professor  A.  B.  Lyons.f  In  a  recent 
letter  he  says : 

*'  It  seems  certain  that  the  shells  lived  on  the  mountain  and  were  not  brougiit 
down  in  streams  from  a  disttmce.  The  vegetation  must  have  been  more  aliiiii- 
dant  than  now,  because  the  shells  are  such  as  are  now  found  in  moist  localities. 
As  to  the  8|)ecies,  at  least  five  genera  are  represented,  all  such  as  have  their  rep- 
resentatives in  the  valleys  of  Oahu,  though  some  of  the  species  may  be  extinct. 
The  genera  included  Lepachaiina,  three  species;  Ilelicona,  one;  Pi/i/*,  one;  ^it^*- 
ciiiea,  one  (like  one  now  living  on  the  head);  Pupa,  I  think  one,  and  the  old  Hd'^i 
lamhlaUi.  We  should  not  look  for  any  great  antiquity  in  secondary  formations 
from  materials  of  one  of  the  tufa  cones  of  Oahu.  The  absence  of  marine  shells 
from  the  mass  is  significant.    Submergence  must  have  taken  place  later." 

Specimens  from  the  middle  and  upper  part  of  the  talus-breccia  were 
submitted  to  Doctor  J.  T.  Gulick,  with  the  query  whether  any  altera- 
tions had  been  made  in  the  later  growths,  having  in  mind  evolutionary 
changes.     He  said  that  the  upper  ones  vary  from  those  below  by  being 

*  Lavas  and  soils  of  the  Ilawaiinn  iHlan<lK,  }{otiolitlit,  1898.  See  also  A.  B.  Lyons  :  ChcmicHl  com- 
poifitioD  of  Hawaiian  Hoiln  and  of  the  rockft  from  which  they  have  been  derived.  Am.  Jour.  Sci.. 
December,  1896. 

t  Thrum's  Annual  for  1891,  p.  108. 
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somewhat  pinched,  as  if  the  surroundiQ^s  had  been  less  favorable  to 
their  existence.  The  Lepachtinise  do  not  require  trees  for  their  dwell- 
ings, being  the  terrestrial  group  of  the  genus. 

Professor  Lyons  found  similar  shells  on  Punchbowl  and  writes  as  fol- 
lows concerning  another  locality : 

"The  most  interesting  find  of  fossil  shells  was  in  a  volcanic  tufa  (primary)  near 
Pearl  Harbor.  Evidently  the  volcanic  ash  had  been  deposited  in  water,  the  shells 
brought  down  in  streams,  possibly  in  freshets,  and  the  material,  which  seems  to 
have  had  properties  like  those  of  Portland  cement,  set  under  water  to  form  rock. 
In  a  similar  material  there  are  preserved  many  impressions  of  leaves,  apparently 
like  those  of  the  existing  forests." 

In  the  Annual,  after  remarking  that  one  of  these  species  still  lives  in 
the  Waianae  mountains.  Professor  Lyons  concludes  that — 

"The  fossils  l)elong  to  a  period  previous  to  that  of  the  receding  of  the  ot^ean  to 
its  present  level.  Tlmt  event  may  have  been  coetaneous  with  the  change  of  level 
in  the  oircampolar  area  which  marked  the  close  of  the  great  Glacial  period,  and 
the  evidences  that  our  climate  was,  previously  to  that  time,  more  humid  than  at 
present  are  confirmatory  of  that  view." 

Now  that  the  Diamond  Head  breccia  proves  to  be  of  Tertiary  age, 
additional  interest  will  be  given  to  the  study  of  the  development  of  these 
land  shells. 

OuoKK  OF  Events  in  thk  geoiaxhcai.  History  of  Oahu 

From  the  descriptions  now  presented  it  is  possible  to  make  out  the 
order  of  the  principal  events  in  the  geological  history  of  this  volcanic 
island.  We  are  now  satisfied  with  the  existence  of  Tertiary  deposits 
antedating  the  rise  of  the  earliest  basaltic  land,  but  will  not  consider 
whether  there  may  have  been  any  rising  of  the  ocean  floor  in  connection 
with  the  eruptions. 

1.  At  the  base  of  Kaala  igneous  eruptions  commenced  under  water  to 
accumulate  sheets  of  basalt  until  finally  the  island  of  Kaala,  a  smooth 
dome,  rose  above  the  waters,  which  slowly  became  covered  by  vegeta- 
tion derived  from  distant  regions. 

2.  This  dome  became  extensively  channeled  by  streams  produced  as 
now  by  the  condensation  of  the  moisture  brought  by  the  northeast  trade 
winds.  Like  existing  islands  under  the  same  conditions,  the  erosion  was 
greater  on  the  northeastern  than  southwestern  sides. 

3.  The  island  of  Koolau  came  up  quite  near  to  Kaala  in  a  similar 
manner,  and  lava  flowed  down  so  as  to  conceal  several  hundred  feet 
altitude  of  the  northeast  flank  of  Kaala.  Koolau  extended  out  to  sea 
several  miles  farther  to  the  northeast  than  at  present. 

V [II— Bull.  Obol.  Soc.  Am.,  Vol.  H,  1899 
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4.  Coralline  and  niolluscan  limestones  commenced  to  grow  as  soon  as 
the  reef-building  animals  could  migrate  hither.  Doubtless  the  work 
commenced  in  the  first  period,  and  has  continued  ever  since,  coeval  with 
the  other  phases  of  growth.  If  we  were  to  judge  of  age  from  the  amount 
of  work  accomplished  we  should  say  the  earlier  stages  of  growth  cor- 
responded to  the  work  done  elsewhere  in  the  later  Tertiary.  The  slow 
u  j)buiiding  of  the  volcanic  domes  and  their  subsequent  erosion  required 
an  immensely  long  period  for  their  accomplishment.  The  island  wa,s 
also  a  thousand  feet  higher  than  at  jn-esent,  if  the  Darwinian  theory  of 
the  origin  of  coral  reefs  is  true. 

5.  Eruption  of  the  amygdaloidal  basalt  at  the  Pali. 

6.  The  chrysolitic  basalt  formed  laccolites  at  the  Pali.  Some  of  the 
dikes,  both  in  the  Kaala  and  Koolau  areas,  may  have  filled  fissures  at 
this  time. 

7.  Eruption  of  an  igneous  agglomerate  containing  i)ebbles  of  chryso- 
lite; may  have  produced  cratera  in  both  areas;  described  typically  at 
the  Pali. 

8.  Quite  widely  extended  ejection  of  red  ash,  clinker,  and  lava  at  the 
Pali,  and  the  formation  of  Makakilo  and  Kupuai  of  the  Laeloa  craterb'; 
some  of  the  Tantalus  series  of  craters. 

9.  Ejection  of  some  of  the  basalts  penetrated  in  sinking  artesian  vfe\h. 

10.  Tuflf  craters,  probably  not  all  active  at  the  same  time — the  Salt 
Lake  group,  Punchbowl,  Diamond  head,  the  Koko  heads>  Kaneohe 
group,  etcetera.  The  tuffs  came  up  through  coral  reefs,  the  land  prob- 
ably being  lower  than  at  present ;  vegetation  as  flourishing  as  at  present. 
Five  substages  indicated  along  Oahu  Railway  and  Land  Comi)any  near 
Moanaiua  station. 

11.  Decay  of  the  surface  of  the  tuff  and,  of  course,  of  all  the  other 
rocks,  so  as  to  produce  soils. 

12.  Discharge  of  ashes  from  Tantalus,  Punchbowl,  Diamond  head, 
Koko  head,  and  elsewhere,  followed  by  showers  of  stones. 

18.  Numerous  eruptions  of  basalt  and  formation  of  most  of  the  Ijaeloa 
craters — Kuua,  Palailai,  Kapuai,  Kamuki,  Mauumae,  Rocky  hill. 

14.  Dikes  cutting  Punchbowl,  Diamond  head  and  coral  reef,  Kaena 
point,  Kupikipikio,  and  Koko  head. 

15.  Time  of  the  accumulation  of  calcareous  talus-breccia  with  Acha- 
tinellidfle  at  Diamond  head. 

16.  Depression.  Over  the  Achatinella  beds  is  a  red  marine  earth 
abounding  in  transported  coral,  shells,  fish  remains,  etcetera,  reaching 
to  40  feet  above  the  sea.  At  the  altitude  of  200  feet  on  the  east  side  of 
Diamond  head,  I  found  corals  loose  on  the  surface,  more  readily  refer- 
able to  the  former  presence  of  the  ocean  than  to  their  removal  from  the 
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tuff  by  rain.  Professor  Lyons  writes  that  he  has  observed  terraces,  ap- 
parently of  marine  origin,  on  the  coast  side  of  the  Pali  100  feet  above 
tidewater.  Brigham  and  Button  in  their  writings  agree  as  to  the  exist- 
ence of  a  depression  of  the  land  somewhere  about  200  feet  at  this  epoch* 
Some  one  asks,  Could  not  the  elevation  of  these  organisms  have  been 
effected  by  an  earthquake  wave  ? 
17.  Elevation  to  the  present  level.     Accumulation  of  dunes. 

Notes  on  thk  Tertiary  Geology  of  Oahu*  by  W.  H.  Dall 

During  a  visit  to  Honolulu  in  August  and  September,  1899,  I  exam- 
ined with  much  interest  the  scanty  fossiliferous  strata  which  exist  in 
that  vicinity. 

Near  the  eastern  extreme  of  the  island  are  quarries  of  calcareous  rock 
from  which  road  metAl  is  obtained.  These  beds  contain  stratified  layers 
partly  of  more  or  less  consolidated  coral  sand  interstratified  with  brec- 
ciated  tuffaceous  material,  apparently  deposited  in  water,  the  interstices 
.filled  with  fine  marl  containing  small  species  of  Helicina  and  Achati- 
nellidffi  of  the  small  terrestrial  types,  such  as  Amastra  and  Auriculella. 
Here  and  there  were  small  lenticular  masses  of  fine  blackish  sand  with 
many  granules  of  olivine. 

Ascending  to  a  more  or  less  denuded  surface  largely  corresponding  to 
a  layer  of  volcanic  rock  which  forms  the  natural  surface  of  the  ground 
above  the  quarries,  here  and  there  patches  of  calcareous  rock  remained 
ill  depressions  in  the  lava,  containing  thoroughly  fossilized  marine 
shells  of  many  genera,  of  which  the  most  conspicuous  were  the  solid 
shells  of  Conus  and  Purpura,  tropical  types  of  the  Indo-Pacific  fauna, 
but,  80  far  as  my  observation  went,  not  at  present  represented  on  the 
adjacent  beaches.  This  horizon  corresponds  to  that  of  the  basal  lime- 
stones of  Diamond  head,  farther  east. 

Diamond  head,  the  conspicuous  hill  at  the  southeastern  extreme  of 
the  island,  is  isolated  and  considerably  denuded,  but  exhibits  numerous 
good  sections,  especially  on  the  seaward  face  near  its  base.  It  is  com- 
posed of  horizontal  layers  of  tuff,  interstratified  with  thin  layers  of  cal- 
careous sand,  the  lime  from  which,  leached  out  by  the  rain,  is  redepos- 
ited  in  a  thin  superficial  crust  of  a  brilliant  white,  giving  the  effect, 
among  the  sparse  arid  vegetation,  of  a  thin  layer  of  snow.  The  strata 
of  the  Head  have  not  the  "  onion  peel  "  aspect  of  layers  of  successive 
subaerial  eruptions,  but  are  strictly  horizontal  and  have  every  aspect  of 
having  been  deposited  in  water.  Occasional  somewhat  thicker  layers 
of  sand  show  "  wave  structure"  in  their  fluctuated  lines. 


•  PriDted  by  porinisBiuu  of  tho  Director  of  the  U.  S.  Geological  Survey. 
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The  amount  of  volcanic  material  in  proportion  to  the  lime  rock  is 
much  greater  as  one  ascends.  My  observation  was  not  carried  to  a  jK)int 
more  than  100  feet  above  the  sealevel,  but  it  is  evident  that  the  sand 
layers  occur,  interetratified  in  the  mass,  clear  to  the  top  (700  feet).  The 
upper  limy  layers  appear,  so  far  as  observed,  to  be  composed  almost  en- 
tirely of  calcareous  sand,  and  no  shells  or  corals  were  observed  in  them 
in  a  recognizable  state.  At  about  50  feet  above  the  sea  the  heavy  tuffs 
overlie  the  uppermost  heavy  layers  of  calcareous  rock.  The  latter  is 
nearly  or  quite  horizontal,  and  consists  of  coral  sand  grains  more  or  less 
compactly  consolidated,  with  occasional  patches  where  marine  fossil 
shells  were  abundant.  There  are  hardly  traces  of  coral  larger  than  fine 
gravel  and  no  coral  masses.  -  Where  exposed  the  limestone  has  been 
more  or  less  subjected  to  solution  by  rain,  and  is  usually  covered  by  a 
crust  of  the  character  previously  mentioned,  generally  about  an  inch 
thick.  Below  the  upper  and  more  sandy  layers  the  rock  is  harder  and 
the  sand  grains  smaller ;  hut  the  shells  are  more  numerous  and  weather 
out  in  a  very  perfect  condition.  They  are  mostly  gastropods.  Still 
lower,  casts  and  impressions  of  Ostrea  and  Avicula  and  coral  heads  less. 
than  a  foot  in  diameter  are  present.  The  bottom  of  these  limestone 
rocks  is  below  the  present  sealevel.  I  saw  nothing  which  could  be  re- 
garded as  an  elevated  reef  of  coral,  but  the  rock  presented  the  closest 
analogy  to  what  is  usually  designated  "  beach  rock  "  in  coral  regions. 
The  conclusion  to  which  I  came  was  that  the  whole  mass  of  Diamond 
head  had  been  slowly  deposited  in  comparatively  shallow  water  and 
gradually  elevated  without  being  subjected  to  notable  flexure.  The 
ejection  of  material  at  first  must  have  been  intermittent,  with  long  quies- 
cent periods,  to  enable  the  shore  to  have  been  repopulated  with  mol- 
lusks  and  corals.  The  later  layers  may  have  been  more  frequently 
ejected,  as  indicated  by  the  absence  of  jjerfect  fossils  or  of  any  fossils, 
by  the  thinner  calcareous  and  the  heavier  tuffaceous  layers. 

The  conditions  appear  to  be  incompatible  with  the  reference  of  the 
fossiliferous  beds  to  a  period  as  late  as  the  Pleistocene.  It  is  difficult 
to  make  an  exact  comparison  from  the  paleontological  data,  as  the  recent 
fauna  is  still  imperfectly  known,  and  we  have  no  standard  of  compari- 
son in  the  whole  Polynesian  region  by  which  the  species  could  be  com- 
pared with  those  of  Tertiary  beds  of  known  age ;  but  the  fossils  have 
every  characteristic  of  those  generally  assigned  to  the  Pliocene  or  upper 
Miocene  in  their  general  aspect  and  state  of  fossil ization. 

It  is  an  interesting  fact  that  the  Achatinellida)  have  been  recently 
determined  by  Professor  Pilsbry,  of  Philadelphia,  from  their  anatomical 
characters,  to  belong  to  a  very  primitive  type  of  Pulmonata,  analogous 
to  Limnroa,  rather  than  the  Bulimulus  group,  with  which  they  have 
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been  long  associated  on  solely  conchological  grounds.  It  is  not  insig- 
nificant, either,  that  the  fossil  forms  of  this  group  found  at  the  quarries 
are  of  the  small,  ground-loving  species  which  might  be  transported  with 
comparative  ease  by  storms  or  other  agencies,  and  not  the  large  arboreal 
species  which  may  be  supposed  to  be  a  more  modern  development  on 
the  spot,  being  exclusively  confined  to  these  islands,  while  Auriculella, 
Tornatellina,  etcetera,  the  smaller  types  referred  to,  are  much  more  widely 
distributed.  There  can  be  little  doubt  from  their  remarkable  develop- 
ment that  the  Achatinellidfie  reached  these  islands  in  Tertiary  times,  and 
that  their  present  luxuriance  of  form  and  color  is  the  product  of  a  pro- 
longed period  of  local  evolution. 

In  the  opposite  direction  from  Diamond  head,  on  the  shores  of  Pearl 
harbor,  a  very  similar  series  of  beds  to  those  at  the  base  of  Diamond 
head  were  exposed.  The  usually  perpendicular  face  of  the  rock  front- 
ing the  beaches  usually  rises  about  30  feet  above  tide,  but  is  largely  reef 
rock  with  shells  and  corals  in  abundance,  well  consolidated  and  with 
several  feet  of  alluvium  above  it.  The  strata  are  gently  undulated,  but 
in  no  special  or  uniform  general  direction.  About  midway  of  the  bluff 
a  layer  of  lava  about  8  to  10  inches  thick  was  noted,  which  had  appar- 
ently flowed  over  the  reef  rock  below  it,  and  above  which  another  series 
of  reef  rock  beds  like  the  lower  ones  had  formed.  Ostrea,  Monodonta, 
Tellina,  Avicula,  etcetera,  were  noted  in  the  reef  rock,  from  which  many 
of  the  shells  had  been  removed  by  solution.  It  should  be  noted  that 
the  reef  rock  which  underlies  the  western  part  of  the  city  of  Honolulu 
and  crops  out  at  the  water  line  in  Honolulu  harbor  appears  to  be  of  an 
extremely  similar  if  not  identical  character. 

In  the  alluvium  around  Pearl  harbor  quantities  of  kitchen-midden 
material  was  observed,  chiefly  Avicula  and  Odrea  sfuidwichenm,  now 
found  living  abundantly  in  the  adjacent  w^aters. 

About  a  quarter  of  a  mile  eastward  from  Waipio  station  on  the  Oahu 
railway  between  Pearl  harbor  and  Honolulu  is  a  cut  through  a  ridge  of 
earth,  marl,  and  clay  rising  about  20  feet  above  the  track  and  35  feet 
above  tide.  The  beds  dip  seaward  at  a  moderate  angle.  The  section  is 
as  follows : 

Red  lava  earth 3  feet. 

Marl  with  wave  structure 8     ** 

Clay  layer  with  extinct  oyster 1     " 

'     CUy 2i   ** 

Marl 1     " 

Clay 4     " 

Total  above  base 19i   '* 
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Near  the  middle  of  the  section  is  a  bed  of  oysters,  fossilized  where 
they  grew  and  belonging  to  a  species  not  represented  in  the  recent  fauna 
of  the  islands  or  in  the  kitchen-middens.  The  beds  of  which  the  above 
section  is  composed  are  newer  than  and  situated  above  the  coral- reef 
rock,  which  for  the  purposes  of  designation  may  be  termed  the  Pearl 
Harbor  formation.  No  mollusks  or  other  fossils  except  the  oyster  and 
a  few  fragments  of  barnacles  were  found  in  this  locality.  The  limy  clay 
or  marl  above  the  layer  with  oysters  showed  unmistakable  evidence  of 
wave  action  in  its  structure,  while  the  decomposed  lava  earth  above 
was  evidently  an  alluvial  deposit. 

To  sum  up,  it  is  concluded  that  the  reef  rock  of  Pearl  Harbor  and 
Diamond  Head  limestones  are  of  late  Tertiary  age,  which  may  corre- 
spond to  the  Pliocene  of  west  American  shores,  or  even  be  somewhat 
earlier,  and  in  the  localities  studied  there  was  no  evidence  of  any  Pleis- 
tocene elevated  reefs  whatever.  It  is  probable  that  Oahu  was  land, 
inhabited  by  animals,  as  early  as  the  Eocene. 
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'*  And  after  this  I  saw  fourangeln  standing;  on  the  four  corners  of  the  eartli,  hold- 
ing the  fonr  winds  of  the  earth."     Rev.  7:1. 

A    Prelude  on   Influence  of   Vulcanism   of  the   Mediterrankax 

Zone  on  Thought 

Whether  Empedocles,  the  proud  philosopher  of  Agrigentum,  leaving 
his  brazen  sandals  on  the  crest  of  the  mountain,  cast  himself  into  the 
crater  of  Etna,  despairing  of  any  solution  of  the  problem  of  the  universe, 
or  whether,  as  the  first  of  a  long  line  of  scientific  martyrs,  he  fell  a  victim 
to  his  zeal  for  knowledge  while  searching  at  the  fountain-head  to  know 
of  the  pyriphlegethon — that  fu^ov  Tzop  or  i^op  ev  /ce>rpw^  that  central  fire  of 
his  master,  Pythagoras — we  may  be  sure  that  the  volcanic  fires  of  the 
Mediterranean  illuminated  the  esoteric  doctrine  of  the  schools  at  the  very 
dawn  of  Greek  philosophy.  The  imaj^ery  of  religious  exaltation  has 
from  the  beginning  borrowed  its  grandest  symbolism  from  the  volcano 
and  the  earthquake.  We  have  wandered  with  .'Eneas  through  Avernus 
in  the  solfataras  of  the  Phla?grean  fields,  have  recalled  Vulcan  as  we  sailed 
past  Etna,  and  the  goddess  Pele  beside  the  caldron  of  Kilauea.  In  the 
presence  of  the  peerless  cone  of  Fuji-san,  we  could  not  wonder  at  the 
Via  Sacra,  along  which  the  pious  pilgrims,  ascending,  worshipped  the 
holy  mountain. 

The  Persian  account  of  the  flood  adds  a  volcano  to  the  eiirthquake  of 
the  Gilgamos  Epos : 

**  Out  of  tlie  south  arose  a  j^reat  fiery  dragon.  Day  chanfped  to  night.  The  stars 
disappeared.  The  zodiac  was  covered  hy  the  great  tail.  Only  sun  and  mooncoiiM 
be  seen  in  the  heaven.  Boiling  water  fell  and  seorclied  the  trees  to  tlieir  rootp. 
Amidst  constant  lightning  fell  drops  of  rain  as  big  as  one's  head.  After  ninety 
days  and  ninety  nights,  the  enemy  of  the  earth  was  destroyed."* 

Saint  John  t  the  Divine,  in  his  Apocalypse,  said :  "  I,  John,  who  also 
am  your  brother  and  companion  in  tribulation,  .  .  .  was  in  the 
isle  that  is  called  Patmos,  for  the  word  of  God.''  This  was  probably  in 
the  year  6(),  and  Doctor  Dekigallas,  in  his  history  of  the  eruptions  of 
Santorin,  the  great  submerged  crater  which  rises  from  the  sea  like  one  of 
the  lunar  mountains,  in  plain  view  of  Patmos,  tells  us,  on  the  authority 
of  George  of  Syngelos,  that  in  an  eruption  of  Santorin  which  occurred 
in  this  year  "  Palaia  Kaumeni,"  the  inmln  cnustica  a?j^/f/tta,  was  increased 
1>y  the  emergence  from  the  sea  of  a  great  volume  of  lava,  which  formed 
:i  cape  stretching  toward  Patmos.     Now  Santorin  is  Saint  Irene,  but  the 

♦Mnyor;  I>ie  Kntstohung  der  Enle,  p.  :j«3. 

t  Th«odore  Bent :  What  John  saw  in  Patmos.     Ninot«»enth  Century,  vol.  XXIV,  p.  817. 
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Greek  name  was  Thera — that  is,  'Hbe  beast"  (Orjp,  Oijpa)^  the  Theia  of 
Pliny.  And  Saint  John  said  :  **  I  stood  upon  the  sand  of  the  sea  and 
saw  a  beast " — that  is,  Thera  (Oijptov) — **  rise  out  of  the  sea,  having  seven 
heads  and  ten  horns."  Later  he  interprets :  ''The  seven  heads  are  seven 
mountains."  And  as  he  was  long  after  looking  at  the  island  rising  silent 
in  the  sea,  he  closes  his  account  with  the  strange  sentence : 

"They  that  dwell  on  the  earth  shall  wonder  when  they  behold  the  beast  that 
wafi  and  is  not,  and  yet  is.'' 

I  quote  the  following  verses  as  but  a  sample  of  the  seismic  imagery 
which  is  continued  consistently  through  the  whole  Revelation. 

"And  I  beheld  when  he  had  opened  the  sixth  seal,  and  lo,  there  was  a  great 
earthquake,  and  the  sun  became  bla(;k  as  sackcloth  of  hair,  and  the  moon  became 
as  blood ;  and  the  stars  of  heaven  fell  upon  the  earth,  even  as  a  flg  tree  casteth  her 
untimely  figs.  And  the  kings  of  the  earth,  and  the  great  men,  and  every  bond- 
man, and  every  freeman,  hid  themselves  in  the  dens  and  in  the  rocks  of  the 
uQOUDtains. 

"And  the  second  an^el  soanded,  and  as  it  were  a  great  mountain  burning  with 
fire  was  cast  into  the  sea;  and  the  third  part  of  the  sea  became  blood  ;  and  the 
third  part  of  the  creatures  which  wei^  in  the  sea,  and  had  life,  died ;  and  the  third 
part  of  the  ships  were  destroyed.  And  the  third  angel  sounded,  and  there  fell  a 
great  star  from  heaven,  burning  as  it  were  a  lamp,  and  it  fell  upon  the  third  part 
of  the  rivers,  and  upon  the  fountains  of  waters ;  and  the  name  of  the  star  is  called 
Wonnwood;  and  the  third  part  of  the  waters  became  wormwood,  and  many  men 
died  of  the  waters,  because  they  were  made  bitter. 

"And  the  fifth  angel  sounded,  and  I  saw  a  star  fall  from  heaven  into  the  earth, 
and  to  him  was  idven  the  key  to  the  bottomless  pit.  And  he  opened  the  bottom- 
less pit ;  and  there  arose  a  smoke  out  of  the  pit,  as  the  smoke  of  a  great  furnace ; 
and  the  sun  and  the  air  were  darkened  by  reason  of  the  smoke  of  the  pit.  And 
the  second  angel  poured  out  his  vial  upon  the  sea ;  and  it  became  as  the  blood  of 
a  (lead  man;  and  every  living  sonl  died  in  the  sea.  And  there  were  voices  and 
thunders  and  lightnings ;  and  there  was  a  great  earthquake,  Huch  as  was  not  since 
u|H)n  the  earth,  so  mijjhty  an  earthipiake  and  so  great.  And  every  island  fled 
away  and  the  mountains  were  not  found.  And  there  fell  uj)on  men  a  great  hail 
out  of  heaven,  every  stone  about  the  weight  of  a  talent ;  and  men  blasphemed  God 
because  of  the  plague  of  hail ;  for  the  plague  thereof  was  exceeding  great.  And 
every  shipmaster,  and  all  the  company  in  ships,  and  sailors,  and  as  many  as  trade 
by  sea,  stood  afar  off,  and  cried  when  they  saw  the  smoke  of  her  burning,  saying, 
What  city  is  like  unto  this  >;reat  city?  And  they  cast  dust  on  their  heads,  and 
cried,  weeping  and  wailing,  saying,  alas!  alas!  that  great  city,  wherein  were  made 
rich  all  that  had  ships  in  the  sea  by  reason  of  her  costliness !  for  in  one  hour  she 
is  made  desolate.'' 

Here  is  given  in  terrible  concentration  the  story  of  Toinboro  or  Kra- 
katoa.  Indeed,  using  modern  language,  I  could  parallel  the  recital  from 
the  accounts  I  have  studied  of  eye  witnesses  of  the  many  eruptions  of 
Santorin  itself.    Strong  submarine  explosions  have  blown  water  and  vol- 
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canic  ashes  mingled  with  fire  from  the  submerged  caldera,  and  the  iron 
dissolved  out  of  the  lava,  as  described  by  Father  Richard  three  centuries 
ago,  has  made  the  water  red  as  blood  as  far  as  the  eye  could  see,  and 
great  bombs,  many  cubic  meters  in  size,  as  Fouqu6  reports,  have  fallen 
like  the  star  called  Wormwood.  Ships  were  shattered  and  sailors  and 
landsmen  stifled  in  the  noxious  vapors.  Sailors  floated  to  sea  dead  in 
their  boats,  and  the  survivors  were  blinded  and  suffered  serious  diseases 
and  fled  away  and  hid  themselves  in  the  caves  dug  in  the  tuff  beds  up 
the  mountain  side.  Islands  have  risen  from  the  sea  or  grown  under 
the  eye  of  modern  students.  Other  islands  have  disappeared,  like  Co- 
lombo. Von  Seebach,  my  teacher  at  Gottingen,  fresh  from  the  study 
when  I  worked  with  him,  told  me  many  things  of  the  volcano.  Red  hot 
bombs  crashed  through  the  decks  of  a  Prussian  frigate,  endangering  her 
magazines.  One  sails  by  a  narrow  passage  into  this  submerged  caldera. 
and  the  black  crater  walls  are  livid  from  the  red  and  yellow  stains  of 
sulphurous  exhalations. 

The  surging  outrush  of  the  sulphurous  vapors  mingled  in  the  night 
with  the  glare  of  fiery  lava  masses  formed  the  lake  of  fire  and  brim- 
stone into  which  the  angel  with  the  key  cast  Satan  for  a  thousand  years, 
and  distant  rumblings  underneath  the  quiet  waters  of  the  harbor  still 
tell  the  simple  seamen  of  the  groans  of  the  condemned. 

We  may  regret  that  we  are  now  no  more  capable  of  producing  an  apoc- 
alypse than  of  composing  an  epic.  We  may  regret  that  we  can  not 
reach  the  volcanic  intensity  of  speech  and  thought  when  the  will  to 
believe  required  no  stimulus  and  eloquent  'and  holy  priests  consigned 
the  swarming  spirits  of  evil  to  sulphurous  fires  in  splendid  exorcisms, 
like  this  from  the  Flagellum  Daemonis  of  the  Reverend  Father  Hieron- 
ymus  Mengus  Vitellianensis : 

"  By  the  Apocalypse  of  Jesus  Christ  which  God  hath  given  to  make  known  unto 
his  servants  those  things  which  are  shortly  to  take  place,  and  hath  signified,  send- 
ing his  angel,  I  exorcise  you,  ye  angels  of  untold  perversity.  And  by  all  the  won- 
drous signs,  terrible  voices,  mighty  thunders  and  mystic  visions  which  Saint  John 
beheld,  I  exorcise  you,  0  angels  who  entice  unto  evil  deeds,  that  ye  do  go  faraway 
from  this  creature.  By  the  door  which  John  saw  open  in  heaven,  by  the  four 
and  twenty  thrones  and  the  four  and  twenty  elders  and  by  the  lightnings  and 
voices  and  thunders  which  proceeded  out  of  the  throne,  by  the  sea  which  he  saw 
as  it  were  of  glass  mingled  with  fire,  by  the  four  living  beings  full  of  eyes  before 
and  behind,  by  the  Lamb  as  it  were  slain,  by  the  harps  and  the  vial  of  gold  full  of 
perfume,  I  charge  you,  O  angels  of  death,  to  flee  quickly  out  of  this  creature." 

Volcanic  soils  produce  the  richest  and  strongest  wines.  They  promote, 
we  have  seen,  most  eloquent  theological  imagery,  and  have  been,  we 
shall  see,  fertile  in  a  tropical  luxuriance  of  geological  imaginings. 
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A  great  line  of  fire,  starting  with  the  early  homes  of  culture  in  the 
Mediterranean,  belts  the  earth,  and,  branching  grandly  in  the  East  and 
West  Indies,  cordons  the  Pacific  like  the  line  of  signal  fires  that  flashed 
the  tidings  of  the  fall  of  Troy  across  the  ^gean  to  Agamemnon  in 
Mycenae. 

It  is  the  relation  of  this  fire-bordered  zone  of  intercontinental  seas  to 
the  triangular  continents  which  it  bisects  that  I  desire  to  consider  this 
evening. 

Part  I.  The  Tetrahedral  Earth 

IN  GENERAL 

While  fresh  from  the  volcanoes  of  Italy,  Japan,  and  the  Sandwich 
islands,  I  met  in  Honolulu  the  friends  and  relatives  of  that  fine  Eng- 
lish merchant  and  original  thinker,  William  Lothian  Green.  I  procured 
a  copy  of  his  rare  work,  "  Vestiges  of  the  Molten  Globe,"*  thought  out 
on  this  distant  volcano,  apart  from  large  libraries  and  scientific  asso- 
ciates. After  reading  and  re-reading  the  book  during  the  long  voyage 
across  the  Pacific,  the  theory  of  the  tendency  of  the  globe  to  assume  in 
«ome  degree  the  tetrahedral  shape  has  had  great  attraction  for  me.  The 
hypothesis,  while  mentioned  by  Dana,  who  met  the  author  in  the  Sand- 
wich islands,  has  received  little  favor  except  in  France,  where  de  I^p- 
parent  and  Michel-L^vy  have  long  advocated  it.  Recently  it  was  made 
the  subject  of  a  lecture  before  the  Royal  Geographical  Society  by  Doctor 
J.  W.  Gregory .t 

OBEEN'S  HYPOTHESIS  OF  THE  TETRAHEDRAL  EARTH 

General  statement  of  the  hypothesis, — Attracted  by  the  old  Baconian 
problem  of  the  three  triangular  continents  projecting  south,  the  three 
triangular  oceans  projecting  north,  the  Arctic  sea  and  the  Antarctic  land, 
Green  chose  the  apparently  unpromising  tetrahedron  as  the  form  towafd 
which  the  earth  has  imperfectly  tended. 

The  hypothesis  considers  the  earth  to  possess  a  somewhat  rigid  crust 
resting  on  a  liquid  interior  which  is  shrinking  from  loss  of  heat.  The 
law  of  least  action  demands  that  this  crust  shall  keep  in  contact  with 
the  lessening  interior  with  the  least  possible  readjustment  of  its  surface. 
The  sphere,  of  all  solids,  contains  the  greatest  volume  under  a  given 
surface,  the  tetrahedron  the  least  volume  under  the  same  surface.     The 


♦  Veiitlge«  of  tho  Molten  Globe,  as  exhibited  in  the  fiKure  of  the  earth's  volcanic  action  and 
pliysiogrRphy,  by  William  Lathan  Green,  Mlninter  of  Foreign  Affairs  to  the  King  of  the  Sand- 
wich Islands.    Part  I,  London,  1875;  part  II,  Honohilu,  1887. 

tThe  Plan  of  the  Earth,  and  its  Causes  :  The  Geographical  Journal,  vol.  xiii,  1809,  p.  225.  Ab- 
stract in  Nature,  toI.  lix,  p.  350. 
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solid  spherical  crust  of  the  earth,  then,  collapsing  upon  its  plastic  inte- 
rior, would  tend  toward  the  tetrahedral  form  as  the  one  which  would 

coordinate  the  greatest  diminution 
of  the  interior  with  the  least  change 
of  the  surface.  There  is  a  long  series 
of  tetrahedroid  forms  between  the 
tetrahedron  and  the  sphere,  and  the 
six-faced  tetrahedron  with  rounded 
faces — the  form  so  common  in  the 
diamond — may  nearly  approach  the 
sphere,  and  may  be  su])posed  to  be 
the  form  toward  which  the  earth  at 
first  tends  (figures  1-3). 

Four  low,  equal,  and  equidistant 
protuberances  (A,  B,  C,  D  in  figure  1 ; 
A,  B,  D  visible  in  figures  2  and  3)  of 
rounded  triangular  boundaries  rise 
equidistant  on  the  surface  of  the 
model.  Opposite  each  is  a  corresponding  broad  depression  (C  and  E, 
visible  in  figures  2  and  3).  If  the  body  be  supposed  to  be  i)laced  like  a 
top  on  one  of  these  protuberances,  the  other  three  would  make  the  toj) 
three-shouldered,  as  they  would  be  placed  120  degrees  from  each  other. 


FiauRE  \.—Tetraficdron  pUictd  symmetricaUy 
unthin  a  Sphere. 

Showing  crudely  the  ideal  relation  of  the  four 
projectiDg  continents.    From  Green. 


FiGUUE  2. — Six-faced   Tetrahedron  {HexaUtra- 
hcdron). 

Showing  the  next  approximation  toward  the 
sphere,  with  the  depressions  reprosenting 
oceans  shaded  on  the  assumption  that  land 
and  water  are  equal. 


FiovRB  X—Six-faecd   Tetrahedron   with  row^kd 
Faces. 

The  shading  represents  oceans  equal  to  the 
lauds. 


If  the  top  be  revolved,  it  would  be  an  over-regular  model  of  the  rotating 
earth.  The  three  equidistant  shoulders  of  the  top  would  be  the  three 
continents,  Eur-Africa,  Asia-Australia,  and   the  American,  triangular 
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FniruF.  1.— Four  Maps,  each  roNTAixiN«{  o.\e-fourth  op  tiik  Earth,  to  lf.89en  Distobtios 

Inner  Hpherioal  trianRlos  in  pencil  lines  represent  position  of  ideal  continents  on 
assninption  of  perfect  Hymmetry  an<i  equality  of  land  and  water  surfaces.     (Green.) 

Arclieun  shields  or  protaxes  shaded,  and  adjacent  ancient  unfolded  tablelands  and 
corresponding  Archcan-Paleozoic   unfolded  tablelands  in  southern  hemsphere  lined. 


FlfJlRK.   2.  — FolR    >I\Ps.    KACII    (HNTAININ<}   t)X  E-FOIUTII  OF  THE  EaRTH,  TO  AVOID   DiSTOBTlOS 

Inner  tri;inifle«4  sliuw  jMixition-*  of  ideal  oceans  assiunim:  lund  and  water  equal.   (Green.) 
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southward  and  massed  aroand  the  north  pole.  Between  would  be  the 
three  oceanic  depressions  gathered  around  the  south  pole,  contracting 
northward.  At  the  ends  of  the  axis  of  rotation  would  be  the  Antarctic 
continent,  the  fourth  protuberance  below,  and  the  Arctic  ocean,  the 
fourth  depression  above  (see  plate  9,  iigures  1  and  2). 

Shifting  of  the  southern  hemispheres, — Because  the  great  masses  in  the 
northern  hemisphere  were  raised  above  their  normal  level,  they  would 
lag  to  westward ;  because  the  great  masses  of  the  southern  hemisphere 
were  depressed  below  the  normal  level,  they  would  be  accelerated  east- 
wardly.  This  explained  the  position  of  South  America  east  of  North 
America  and  Australia  east  of  Asia.  Indeed,  in  his  view,  the  great  mass 
of  Asia  caused  it  to  lag  behind  so  much  that  it  was  thrust  against  and 
joined  with  Europe. 

The  twinning  'plane, — These  opposing  forces  produced  a  shearing  of  the 
northern  hemisphere  on  the  southern,  along  a  plane  passing  through  the 
three  intercontinental  seas,  a  plane  placed  12  degrees  nearer  the  north 
pole  because  of  the  excess  of  the  northern  masses,  and  in  the  plane  of 
the  ecliptic  instead  of  the  equator,  because  the  shearing  force,  although 
acting  in  the  plane  of  the  equator,  found  in  the  ecliptic  a  plane  of  weak- 
ness caused  by  the  strain  of  the  internal  tides.  This  plane  passing 
through — indeed  causing — the  three  mediterranean  seas  he  called,  some- 
what fancifully,  the  twinning  plane,  and  conceived  the  southern  hemi- 
sphere to  have  been  rotated  about  30  degrees  to  the  right  like  a  twin 
crystal  to  bring  the  southern  continents  into  their  present  positions. 

Without  accepting  them,  I  have  discussed  his  explanations  of  these 
two  points  below  (see  pages  75-78)  in  order  to  consider  the  value  of  the 
inertia  force  and  the  tidal  stresses  which  he  employs  in  this  portion  of 
his  hypothesis. 

AROUMBNT  IN  FAVOR  OF  TETRAHBDROID  TENDENCY  IN  FORMATION  OF 

EARTH'S  CRUST 

In  advancing  arguments  for  his  theory,  Green  cites  experiments  where 
hollow  tubes  uniformly  collapse  under  atmospheric  pressure  into  three- 
sided  forms  with  rounded  edges  and  concave  sides,  like  a  horizontal  sec- 
tion of  the  earth  in  the  southern  hemisphere,  and  claims  to  have  seen  a 
distinctly  tetrahedral  shape  in  soap  bubbles  and  bubbles  in  water,  and 
he  cites  many  cases  where  astronomers  have  observed  a  four-shouldered 
form  in  the  larger  planets. 

The  h3^pothesi8  connects  the  main  facts  relating  to  the  earth's  grand 
feature  lines  by  a  very  simple  principle.  It  would  postulate  a  certain 
evolution  of  the  continents  and  oceans,  and  may,  indeed,  be  taken  as 
furnishing  an  a  priori  ground  for  this  postulate.     It  is  a  hypothesis  of 
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the  arching  of  the  continents  by  tangential  pressure  in  accord  with  th 
law  of  least  action. 

In  most  cases  we  find  land  at  one  extremity  of  any  diameter  oppose 
by  water  at  the  other — a  peculiarly  tetrahedroid  arrangement.  This  i 
neatly  illustrated  by  the  figure  below  where  the  antipodal  land  is  supei 
imposed  on  a  common  map  of  the  earth. 

Again,  all  deforming  agencies  depending  on  rotation  are  at  a  minimur 
at  the  poles  and  a  maximum  at  the  equator.  The  tetrahedroid  j)eci 
liarities  would  then  be  best  preserved  in  the  polar  regions.    Thus  w 


Figure  i.—Map  of  the  Earth. 

Showing  that,  with  the  exception  of  the  apex  of  South  America,  land  and  water  are  symmetrii^jil 
antipodal  to  each  other.    From  Gregory. 

find  the  polar  ocean  with  a  depth  of  two  and  a  half  miles,  as  determine 
by  Nansen,  and  bordered  by  broad  lowlands  sloping  gradually  beneat 
the  waters  around  most  of  its  extent,  with  two  oceans  extending  soutl 
ward  at  two  corners,  and  at  the  third  a  deep  depression — the  Aral( 
Caspian  area,  partly  below  sealevel  and  an  ocean  in  reality  in  the  Te 
tiary — connecting  with  the  Indian  ocean. 

In  the  south  we  find  the  three-lobed  Antarctic  continent  and  tli 
southward  triangular  prolongations  of  the  other  three  elevations  moi 
nearly  equidistant  than  the  corresponding  central  portions  and  with  tl 
three  broad  oceans  narrowing  northwardly  between  them.  A  small  eL 
vation  of  the  drift  covered  bank  on  which  Iceland  stands  would  con 
plete  the  apex  of  the  Atlantic.     The  southward  transfer  of  the  ocea 
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waters  has  diminished  the  Arctic  sea  and  the  Antarctic  land  in  exact 
proportion.  The  mathematical  centers  of  the  four  oceans  are  equidis- 
tant from  each  other,  symmetrical  with  the  four  depressed  centers  of  the 
model.  I  have  been  interested  to  see  the  similarity  between  the  land 
masses  as  a  whole  and  the  ocean  areas  as  given  by  Gilbert*  in  his  sug- 
gestive ''  orange-peel  projection."  This  is  drawn  at  the  true  continental 
borders,  making  the  elevated  and  depressed  areas  about  equal,  as  they 
should  be  for  comparison. 

We  may  now  examine  in  order  the  series  of  paleographical  maps 
(plates  10  and  11),  very  hypothetical,  of  course,  the  first  five  taken  mainly 
from  de  La])parent,  the  last  three  from  Koken,t  and  see  what  traces  of 
the  tetrahedroid  condition  appear  in  the  past. 

In  the  first  map,  taken  from  de  Lapparent,J  which  shows  (plate  10,  a) 
the  present  Archean  areas  on  the  globe,  if  we  omit  the  areas  which  have 
been  brought  up  from  great  depths  by  folding,  the  remainders  arrange 
themselves  in  three  groups  which  occupy  closely  the  i)Osition  of  nuclei 
of  the  three  tetrahedral  continents.  I  have  drawn  lines  on  the  map  120 
degrees  apart  to  show  their  symmetrical  positions.  One  may  compare 
with  this  Green's  maps,  given  as  figure  1  on  plate  9. 

At  the  northern  apices  of  these  hypothetical  continents  are,  first,  the 
Canadian  shield  of  Suess  or  protaxis  of  Dana,  with  the  shallow  water- 
cover  of  Hudson  bay ;  second,  the  Scandinavian  shield  of  Suess,  or  boss, 
as  Adams  has  proposed  to  call  these  ancient  lands.  It  is  partly  covered 
by  the  shallow  Baltic  sea.  Third  is  the  Manchurian  shield  of  Gregory, 
or  coign,  as  he  would  call  it,  partly  covered  by  the  shallow  Okotsch  sea. 
Nearly  south  of  each  is  the  southern  apex  of  these  embryo  continents — 
the  Archean  nucleus  of  Australia,  the  highlands  of  Guyana,  and  the 
African  Archean  tableland.  Finally,  the  Antarctic  continent  is  prob- 
ably Archean,  as  the  boulders  from  its  icebergs  show. 

If  we  consider  the  great  mass  of  the  sedimentary  strata  which  has  been 
derived  by  erosion  from  these  old  lands  which  were  folded  and  worn 
down  in  pre-Cambrian  times,  the  fact  that  they  still  rise  high  above  sea- 
level  suggests  some  such  constantly  working  force  of  upheaval  acting  upon 
them  as  the  tetrahedral  hypothesis  demands.  These  are  the  primeval, 
immovable  corner  stones  of  the  earth,  against  which  the  waves  of  an- 
cient seas  have  broken,  while  they  have  remained,  in  part,  perhaps, 
always  unsubmerged,  and  against  which  mountain  ridges  have  been 
pressed  and  broken  down  like  waves  of  the  sea. 

•G.  K.  Gilbert:  Continental  problems.    Bull.  Geol.  Soc.  Am.,  vol.  6,  p  186. 
tE.  Koken  :  Die  Vorwelt,  11K>3,  p.  1. 
X  Tniit«  de  6«ologie,  1900,  p.  739. 

X— Bull.  Geol.  Soo.  Am.,  Vol.  11,  1899 
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The  second  or  Silurian  map  (plate  10,  b)  is  too  hypothetical  to  have 
great  value  in  this  connection. 

In  the  third  map  (plate  10,  c)  the  broad  Carboniferous  land  belts  the 
earth  in  the  northern  hemisphere,  and  Gondwana  land  connects  the 
southern  continents,  and  plate  11,  d  shows  a  similar  state  of  things  in  the 
Trias.  These  lands  are  carried  in  broad  bands  across  the  present  oceans 
largel}'  on  the  evidence  of  faunal  identity  or  similarity,  and  the  lines 
could  generally  be  carried  in  northward  and  southward  loops  across  the 
present  oceans,  as  is  done  in  several  cases. 

"  There  is  not  wanting  evidence,"  says  Seward,*  "  in  favor  of  the 
Glossopteris  flora  having  been  first  diflferentiated  in  an  Antarctic  conti- 
nent toward  the  close  of  the  Carboniferous  period." 

The  last  investigations  of  M  Zeiler  in  South  America  show  that  the 
Glossopteris  flora  came  from  the  south,  and  the  same  indications  ap- 
pear in  its  other  occurrences. f 

"  I  have  sometimes  speculated,"  says  Darwin,  "  whether  there  did  not 
exist  somewhere  during  long  ages  an  extremely  isolated  continent,  per- 
haps near  the  south  pole."t 

The  Jurassic  map  usually  quoted  is  the  map  of  Neumayr,  and  it  is 
interesting  to  compare  therewith  the  much  later  map  (plate  11,  a)  of  the 
same  period,  just  published  by  de  Lapparent,  who  bases  his  work 
avowedly  on  that  of  Neumayr.  The  approximation  to  the  tetrahedral 
symmetry  is  much  greater  than  in  the  older  map. 

In  Jurassic  time  there  is  a  distinct  approach  to  the  form  demanded 
by  the  hypothesis ;  in  the  Cretaceous  (plate  11,  b,  c)  it  is  much  increased, 
although  the  map-makers  take  great,  and  it  may  be  unwarranted,  liber- 
ties with  the  north  Atlantic. 

In  the  Eocene  (plate  11,  cT)  the  assumptions  of  the  hypothesis  are  best 
met,  in  one  respect  better  than  in  the  modern  map,  since  the  Indian 
ocean  is  continued  north  between  India  and  Africa  and  east  of  the  Urals 
to  the  Arctic,  and  the  Atlantic  contracts  west  of  Scandinavia.  The 
Mediterranean  water  belt  still  continued,  but  the  Miocene  mountain- 
making,  extending  from  Pyrenees  to  the  Himalayas,  raised  parts  of 
Arabia  and  Persia  and  cut  off  the  northern  prolongation  of  the  Indian 
ocean.  There  is  a  certain  survival  of  the  continental  nuclei  and  pro- 
gressive evolution  of  the  oceans. 

I  call  attention  again  to  the  reproduction  of  Green's  maps,  showing,  to 
diminish  distortion,  the  four  quarters  of  the  earth  instead  of  the  usual 
hemispheres,  and  have  drawn  in  the  outlines  of  the  ideal  continents 

*  Associrttion  of  Sequoia  and  (tlossopteris  in  South  Africa.    Qiiar.  Jour  Geol.  Soc,  vol.  53,  p.  3*/:. 
"t  Hoitrand  :  Bull.  iWo\.  Soc,  Franco,  vol.  xxiv,  189(5,  p.  24. 
X  Darwin  :  Life  and  Letters. 
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(plate  9,  figures  1  and  2,  page  67)  ^nd  shaded  the  Archean  areas  and 
marked  in  lines  the  Archean- Paleozoic  tablelands.  The  coincidences 
and  discrepancies  are  both  strongly  marked 

GEODETIC  CONSIDERA  TIONS 

No  objection  can  be  raised  to  the  proposed  hypothesis  from  the  sphe- 
roidal form  of  the  earth,  for  the  eaiith  is  not  only  flattened  at  the  poles 
but  flattened  at  the  equator,  and  pendulum  observations  show  it  is  drawn 
out  at  the  south  pole  like  a  top,  as  our  hypothesis  would  demand,  or  like 
a  flattened  top — like  a  potato,  Professor  Darwin  has  suggested.  Her- 
schel  said,  *'  The  earth  is  earth-shaped.*'*    It  is  safe  to  call  it  a  geoid. 


FiauBE  5. — Map  showing  Variations  in  the  Attrart'um  of  Gravity. 

NumberH  0-6  indicate  number  of  millirnoters  to  be  added  to  the  pendulum  beating  secondB  at  the 
equator  to  make  it  beat  socondH  at  ditfereut  latitudes. 

It  is  so  irregular  that  in  one  of  the  most  refined  series  of  astronomical 
measurements  undertaken  by  the  Koniglich-Kaiserliche  topograph ische 
Militar-Institut  zu  Wien,the  longitude  Vienna-Milan  and  Vienna-Brescia- 
Milan  did  not  agree,  although  corrections  were  made  for  the  quinine 
taken  by  the  observers  when  working  through  marshes. 

La  Caille  in  1751  measured  the  length  of  a  degree  at  the  south  pole 
and  found  a  curvature  difiering  from  that  in  corresponding  latitudes  in 
the  northern  hemisphere,  and  his  results  were  confirmed  and  extended 
by  Maclear. 

A  pendulum  swings  more  rapidly  the  nearer  it  is  to  the  center  of  the 

♦  Gregory,  loc.  cit.  p.  342, 
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earth,  and  a  pendulam  swinging  in  a  second  at  the  eqaator  must  be 
lengthened  to  beat  seconds  elsewhere. 

In  figure  5  is  given  Steinhauser's  map,  showing  how  many  millimeters 
must  be  added  to  the  pendulum  that  beats  seconds  at  the  equator  to 
make  it  beat  seconds  at  other  stations  north  and  south. 

The  pendulum  has  to  be  elongated  less  rapidly  southwardly  than 
northwardly,  showing  that  the  earth  is  elongated  southwardly.  If  the 
piling  up  of  the  waters  in  the  southern  hemisphere  is  due  to  the  greater 
density  of  the  latter,  then  the  top-like  elongation  is  all  the  greater. 

Bessel's  ellipsoid,  calculated  in  Europe,  agrees  best  with  gravity  deter- 
minations in  P]urope.  Clark's  ellipsoid,  calculated  in  Asia,  agrees  best 
with  facts  in  Asia.  Both  may  be  equally  correct.  The  larger  deforma- 
tion of  Asia  makes  it  a  segment  of  a  different  ellipsoid  from  that  of 
Europe. 

The  great  deficiency  of  gravity  in  the  United  States,  in  western  Russia, 
and  in  India  agrees  with  their  greater  distance  from  the  earth's  center 
on  the  tetrahedral  continents.  The  great  excess  of  gravity  on  oceanic 
islands  agrees  with  their  lesser  distance  from  the  earth's  center  on  the 
tetrahedral  oceans ;  and  this  meets  the  approval  of  Mr  E.  D.  Preston  in 
his  report  on  the  stud}'  of  the  earth's  figure  by  means  of  the  pendulum. 
He  says : 

"If  we  admit  the  tetrahedral  system,  these  ocean  areas  are  really  nearer  the 
center  of  the  earth,  and  hence  should  show  increased  gravity,  while  the  conti- 
nental masses  would  tend  to  increase  the  effect  still  further  by  elevating  the  sur- 
face of  tlie  sea  in  their  imme<iiate  vicinity.  It  has  been  shown  that  the  attraction 
of  the  Himalayas  would  elevate  the  surface  of  the  ocean  immediately  under  them 
1,000  feet.  Nothing  is  more  in  accordance  with  the  action  of  physical  laws  than 
that  the  earth  is  contracting  in  approximately  a  tetrahedral  form."  * 

S.O.  Listing  found  the  island  Maraiionsunk  1,858  feet  below  the  normal 
surface  of  the  spheroid.  Saint  Helena  2,778  feet,  and  the  Bonin  islands 
4,294  feet.f  M  du  Ligondes  has  found  that  discrepancies  between  values 
derived  from  equations  for  the  density  of  the  earth's  interior  and  from 
the  theory  of  precession  were  reconciled  by  assuming  a  tetrahedral  form 
for  the  earth. J  De  Lapparent  has  suggested  that  the  discrepancy  be- 
tween the  geologists  who  have  based  their  value  of  the  polar  flattening 
1 :  294  on  measurements  in  the  northern  hemisphere  and  astronomers 
who  obtain  the  value  1 :  297  from  the  precession  of  the  equinoxes  may 
be  reconciled  if  the  southern  polar  protuberance  be  admitted. § 


♦Am.  Jour.  Soi.,  3d  afrien,  vol.  xli,  1891,  p.  461. 
t  Nnchricht  d.  k.  Akad.  zu  Gfttt.,  1877,  p.  749. 
I  Compte  Rendu,  January,  1899,  p.  160. 
I  La  Nature.    Quoted  in  Nature,  vol.  66,  1897.  p.  37. 
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Whether  we  assume  for  the  earth  a  nebular  or  a  meteoric  origin,  the 
tendency  in  the  cooling  globe  to  tetrahedral  deformation  of  the  outer 
crust  may  be  taken  to  be  a  vera  causa,  which,  because  of  the  constancy  of 
its  action  over  long  periods  of  time,  may  produce  cumulative  results  at 
times  and  places  where  its  action  is  permitted  by  the  balancing  of  other 
forces,  as  the  rotation  of  the  earth  may  cause  the  deflection  of  a  stream 
to  the  right  under  favoring  conditions. 

The  gravity  determinations  of  Putnam,  as  interpreted  by  Gilbert,  as- 
sign to  the  earth  a  considerable  effective  rigidity,  one  capable  of  sustaining 
the  greater  mountain  chains  and  plateaus  of  the  continents,  while  indi- 
cating for  the  continental  arch  a  condition  of  isostatic  equilibrium.  It 
would  seem  that  this  might  imply  a  rigidity  not  enough  to  hold  up  the 
continents  on  the  principle  of  the  unsupported  arch,  but  to  give  such 
direction  to  the  crumpling  that  must  accompany  the  readjustment  of  the 
crust  that  it  should  approach  the  tetrahedral  form  rather  than  the  gen- 
enilly  disseminated  wrinkling  of  the  baked-apple  type.  As  the  settling 
of  the  depressed  areas  might  cause  a  lateral  transfer  of  the  superficial 
and  thus  lighter  portions  of  the  subcrust  beneath  the  continental  areas, 
the  tendency  would  be  toward  such  a  condition  of  isostacy  that  the  crust 
would  be  almost  equally  supported  in  all  parts  by  the  highly  viscid  sub- 
crust.  Continued  shrinking  of  the  nucleus  would  cause  continued  re- 
newal of  thrusts  that,  as  epeirogenic  forces,  would  tend  to  increase  the 
tetrahedral  deformation,  or,  at  other  times  localized  as  orogenic  forces, 
would  add  mountain  chains  like  the  Appalachian  to  the  continent  by  an 
impulse  coming  from  the  sea.  When  collapse  of  the  earth's  crust  com- 
menced at  any  point  it  would  lose  the  advantage  of  the  principle  of  the 
arch,  and  this  collapse  would  spread  in  all  directions  until  limited  by 
the  encroachment  of  other  centers  of  depression.  The  tetrahedral  form 
need  not  be  perfectly  realized.  Like  a  leaf  stung  on  one  edge,  so  that 
tlie  side  grows  unduly  small,  the  one  depression  may  be  slightly  hin- 
dered in  time  of  starting  or  rapidity  of  growth.  Thus  the  Pacific  may 
have  become  over  large  in  comparison  with  the  other  oceans. 

OTHER  TETRAHEDRAL  MAPS 

Map  of  Richard  Owen.— As  a  document  containing  the  first  suggestion 
of  several  of  the  points  of  the  tetrahedral  hypothesis,  we  present  here 
the  quaint  and  interesting  map  of  Richard  Owen  (})late  12),  whose 
peculiar  book  suggests  the  Naturphilosophie  of  Oken  in  its  extension  of 
geology  by  strange  and  forced  analogies  into  every  department  of  human 
knowledge.     He  has,  however,  accurately. mapped  the  three  protaxes 
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120  degrees  apart,  and  indeed  the  fourth  Antarctic  one  also,  and  outlined 
the  development  of  the  North  American  continent  and  brought  out  the 
greater  development  of  the  newer  formations  southward.  He  was  the 
first  to  enumerate  extensivel}'^  the  coincidences  of  the  earth's  feature  lines 
with  great  circles. 

He  suggested  that  the  nucleus  of  the  earth  was  a  tetrahedron  or  a 
spherical  tetrahedron,  and  figures  in  illustration  the  ^*  nucleiform  tetra- 
hedron "  and  a  "  crystal  of  carbon  (diamond)  being  a  curved  tetrahe- 
dron, sometimes  almost  spherical."* 

Map  of  Michel-Levy. — The  interesting  map  of  Michel- L^vy,  cited  on 
page  82,  deserves  careful  study  (plate  13).  It  is  constructed  strictly  in 
the  spirit  of  Eli6  de  Beaumont.  The  author  starts  directly  from  the  as- 
sumption that  the  crust  will  tend  to  break  along  the  tetrahedral  edges 
and  draws  as  the  three  edges  meeting  at  the  south  pole  the  Carbonif- 
erous Australian  Alps,  the  Tertiary  Andes,  and  the  Erythrian  rift  valley 
of  Africa  and  Asia  Minor,  which  is  not  a  mountainous  region,  but  near 
a  watershed. 

We  have  been  guided  rather  by  the  idea  that  the  main  geological  ac- 
cidents would  occur  around  the  borders  of  the  low  rising  domes,  where 
the  shoreline  determines  sedimentation,  mountain-making,  and  vulcan- 
ism.  By  placing  the  tetrahedral  pole  at  Bering  strait,  he  ignores  the 
symmetry  of  the  Arctic  ocean  and  the  Antarctic  sea,  and  the  symmet- 
rical position  of  the  three  Archean  coigns.f 

But  the  delightful  thing  in  the  whole  matter  is  that  he  places  the  tetra- 
hedral pole  in  Bering  strait  and  leaves  the  earth  pole  where  it  is,  and 
we  in  the  next  cha])ter  shift  the  earth  pole  to  Bering  sea  and  leave  the 
tetrahedral  pole  where  the  earth  pole  now  is.  He  extends  the  condi- 
tions of  the  western  Mediterranean  where  the  southern  ranges  have 
moved  south,  the  nortliern  and  western  north,  more  widely  than  Suess 
has  done,  and  here  we  have  followed  Suess. 

Doctor  Gregory  J  follows  Michel- L6vy  closely,  but  assumes,  in  addi- 
tion, that  the  earth  was  in  pre-Carboniferous  times  a  tetrahedron  with 
apex  directed  north  instead  of,  as  at  present,  directed  south,  with  Austra- 
lian, African,  and  Patagonian  Archean  nuclei,  with  the  Hercynian  and 
perhaps  the  Carboniferous  chains  of  Tsinling  for  the  meridional  chains, 

•  Key  to  the  (ioology  of»the  (ilobe.  An  oftsay  designed  to  show  that  the  present  geogmphical, 
hydrogrftphiciil,  and  geological  structures  observed  on  the  earth's  crust  were  the  result  of  forces 
acting  according  to  fixed  demonstrable  laws  analogous  to  those  governing  the  development  of 
organic  lx>die8.    1857,  pp.  M,  60. 

fSur  la  coordination  et  la  r^^partition  dcs  fractures  et  dos  6fTondrements  de  I'^corco  terrestre  en 
relation  avec  lea  6panchoment8  volcanique.    Bull.  G60I.  Soc.  France,  vol.  xxvi»  1898,  p.  105. 
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and  Appalachians,  Urals,  and  Kamchatka  corresponding  to  the  three 
polar  eilges  of  the  tetrahedron. 

SHIFTING  OF  THE  SOUTHERN  CONTINENTS 

We  have,  secondly,  to  consider  the  apparent  eastward  shifting  of  the 
southern  masses,  which  Dana  enumerates  among  the  unsolved  problems 
of  geology.  While  Africa  and  Europe  form  a  triangular  mass  agreeing 
fairly  in  position  and  shape  with  the  required  tetrahedral  continent, 
South  America  and  Australia  are  displaced  to  the  east  of  their  expected 
position  south  of  their  northern  components. 

Green  explains  this  by  saying  the  southern  hemisphere  mainly  sunk 
below  the  average  level  into  a  circle  of  lesser  radius  would  move  east- 
wardly  in  advance  of  the  rest  of  the  earth. 

It  is,  indeed,  suggestive  that  in  the  northern  hemisphere  the  larger  the 
continent  the  greater  the  apparent  westward  motion  from  the  position 
required  by  the  hypothesis ;  in  the  southern,  the  smaller  the  continent 
the  greater  the  e^tward  motion,  as  if  in  the  north  the  elevated  lands 
had  done  the  work,  in  the  south  the  depressed  seabottora. 

Since,  however,  Africa  is  scarcely  shifted  eastwardly  in  relation  to 
Europe,  South  America  much  shifted,  and  Australia  more,  no  torsion  of 
the  whole  southern  hemisphere  can  have  brought  these  continents  into 
their  present  position.  This  was  also  recognized  by  Green,  who  said  the 
separate  oceans,  sinking  on  the  west  of  the  continents,  would  thrust  them 
eastwardly  proportionately  to  the  size  of  the  oceans. 

Nor  can  this  effect  be  produced  "  in  the  incipient  stage  of  the  first 
formed  crust,"  as  Dana  interprets  Green,  for  a  thick  crust  of  effective 
rigidity  must  be  formed  before  elevations  and  depressions  could  result  of 
sufficient  magnitude  to  be  the  cause  of  torsion  between  the  hemispheres 
or  continental  masses. 

While  rejecting  such  torsion  or  moving  of  the  continents,  we  may  yet 
obsen-e  that  America  and  Asia  have  moved  westward  in  another  way, 
to  wit,  by  the  sinking  of  lands  along  their  eastern  border  and  by  the 
addition  of  lands  along  their  western  border,  and  Australia  has  moved 
eastward  in  the  same  manner. 

Along  New  England  and  north  rias  coasts  abound  where  mountain 
ridges  strike  to  the  shore,  showing  that  their  continuation  is  to  be  found 
sunken  beneath  the  waters. 

The  eastern  lands  from  which  the  Appalachians  derived  their  sedi- 
ments are  submerged.  There  are  no  post  Paleozoic  additions  to  the 
coast  north  of  Long  island. 

On  the  other  hand,  the  continent  has  grown  westwardly  by  the  upris- 
ing of  successive  mountain  chains  from  a  line  not  far  west  of  the  present 
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Mississippi,  adding  broad  areas  of  Secondary  and  Tertiary  rocks.  In  the 
same  way  Asia  is  bordered  by  ancient  rocks  from  Bering  strait  to  Corea, 
which  extend  in  part  to  the  shore  in  rias  coasts  and  sink  from  its  high 
lands  by  great  step-faults  to  the  sea.  On  the  north  they  formerly  ex- 
tended farther  eastward,  and  are  now  submerged.  On  the  western  side 
late  elevation  has  raised  the  broad  Tertiary  seabottom  which  separated 
Europe  and  Asia  and  extended  the  great  continent  to  the  Urals. 

Europe,  the  smallest  continent,  with  the  most  complex  structure,  has 
the  Urals  on  the  east,  of  the  same  age  and  character  as  the  Appalachians 
and  the  southeastern  mountains  of  Asia,  and  folded  Tertiary  rocks  toward 
the  west  and  south.  It  has  lost  nothing  east  of  the  Urals  and  gained 
nothing  beyond  the  old  Caledonian  chain  on  the  west;  and  coinciding 
herewith,  there  is  no  lateral  shifting  in  relation  to  Africa. 

Moreover,  the  western  half  of  Australia  is  unfolded  tableland  of 
Archean  age,  and  this  lies  due  south  of  the  Manchurian  boss,  and  the 
eastern  area  to  and  including  New  Zealand  is  folded  land  made  much 
later.  There  is  thus  no  torsional  motion  between  the  two  semi-conti- 
nents— ^an  idea  suggested  largely  by  the  great  curved  island  chain  joining 
them,  which  receives  independent  explanation. 

On  the  other  hand.  South  America  has  grown  westward,  and  yei  the 
whole  continent  is  east  of  the  middle  line  of  the  Canadian  protaxis,  and 
and  if  such  an  eastward  thrusting  of  a  continental  mass  were  anywhere 
conceivable  it  would  be  here,  where  the  lofty,  sharply  compressed  Andes 
indicate  a  powerful  thrust,  and  where  the  recently  sunken  southern 
Pacific  may  have  furnished  the  force. 

Moreover,  the  deepest  water  of  the  Pacific  is  off  the  Asian  coast,  that 
of  the  Atlantic  off  the  American  coast,  and  we  have  in  the  line  of  deep 
sinkholes  below  the  level  of  the  sea — the  Caspian  and  Aral — a  reminis- 
cence of  the  Tertiary  time,  when  the  deepest  water  of  the  Tertiary  ocean 
bordered  the  eastern  shore  of  Europe.  Now,  the  deepest  sinking  of  the 
oceans  is  not  the  cause  of  the  highest  mountains  on  the  adjacent  lands. 
Indeed,  no  mountain  chains  can  be  correlated  with  those  depressions. 

It  had  seemed  possible  that  a  different  mode  of  the  cause  proposed  by 
Green  might  be  effective  at  times  and  under  most  favorable  circumstances, 
at  least  by  aiding  or  opposing  the  larger  forces  of  contraction  to  produce 
the  conditions  under  discussion,  namely,  sinking  of  eastern  and  rising 
of  western  coasts.  A  sinking  sea- bottom  may  exert  force  east  and  west 
as  a  wedge,  and  additional  or  differently  directed  force  east  by  inertia. 
Sometimes  the  sinking  may  be  rapid  enough  so  that  some  part  of  this 
force  may  be  effective.  Land  rising  with  some  suddenness  in  an  eastern 
coast  would  lag  to  westward.  Adjacent  sea-bottom,  sinking,  would 
advance  to  eastward.    They  would  tend  to  separate.    This  might  pro- 


SHIFTING   OF  THE   SOUTHERN   CONTINENTS  77 

(luce  stretching,  torsion,  and  blockwise  sinking  along  this  coast,  and  ex- 
plain many  of  the  i)eculiaritie8  of  the  east  coast  of  Asia  and  America, 
the  deep  ocean  bottoms,  the  rias  coasts,  the  deep  "  graben  "  like  the  Fossa 
Magna  of  Japan,  and  the  down-faulted  blocks  which  preserve  the  Trias 
of  the  Atlantic  coast. 

On  the  other  hand,  on  a  western  coast  the  rising  land  moving  west 
and  sinking  sea  moving  east  would  tend  to  approach  each  other,  and 
this  would  add  itself  to  the  direct  landward  mountain- making  thrusts 
which  were  active  along  this  coast.  Moreover,  the  tidal  stresses,  which 
will  be  discussed  below,  would  combine  with  the  forces  here  invoked  to 
cause  the  crumbling  down  of  the  eastern  coasts  and  the  upfoldings  along 
the  westward  ones,  along  all  northeast  and  northwest  lines. 

My  colleague,  Professor  A.  L.  Kimball,  has  made  for  me  the  calcula- 
tion that  in  an  ocean  500  miles  wide  a  sinking  of  the  bottom  one  foot 
per  second  would  produce  an  eastward  force  of  only  1,080  pounds  to  the 
square  foot  per  second  ;  a  sinking  of  one  foot  per  minute  would  produce 
a  force  of  18  pounds  per  square  foot  per  second,  and  so  on.  This  is  a 
force  so  small  that  it  may  apparently  be  neglected  except  under  most 
favorable  circumstances. 

Part  II.  The  Zone  of  the  Intercontinental  Seas 

SUGGESTIVE  RELATIONSHIPS  OF  LAND  AND  SEA  AREAS 

To  an  observer  approaching  the  planet  from  the  depths  of  space  a 
most  striking  thing  would  be  the  three  great  triangular  elevated  land 
masses  projecting  south,  the  three  great  depressed  oceans  tapering  north. 

If  we  add  the  Arctic  ocean  and  the  Antarctic  continent,  and  consider 
the  antipodal  arrangement  of  land  and  water,  the  tetrahedral  disposal 
of  the  mountain  chains  and  of  the  main  divides  as  shown  by  Von  Tillo,* 
and  consider  further  the  geodetic  measurements  and  pendulum  obser- 
vations which  make  the  earth  taper  at  the  south  pole  and  emphasize  tlie 
lightness  (that  is,  elevation)  of  the  continents  and  the  excess  of  gravity 
(that  is,  depression)  over  the  oceans,  so  that  the  ocean  surface  is  in  a  cer- 
tain sense  a  concave  surface,  sinking  from  the  continental  borders,  and 
note  finally  the  central  lines  of  volcanoes  which  mark  lines  of  tissuring 
down  the  centers  of  the  depressions,  we  may  say  that  the  tetrahedral 
plan  in  the  evolution  of  the  earth's  feature  lines  is  strongly  suggested  by 
simple  observation.  It  is  imperfectly  realized,  to  be  sure;  but  we  may 
use  the  tetrahedral  idea  as  a  working  hypothesis,  and  deduce  that  as  the 
three  continents  have  had  a  common  origin,  the  three  homologous  medi- 

*PAtermanD'8  Mittheilungen,  1887. 
XI— Bull.  Geol.  Soc.  Am..  Vol.  11,  1899 
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terraneans  that  bisect  them  Ijave  had  a  common  cause;  and,  conversely, 
that  if  this  cause  had  not  acted  the  continents  would  have  been  left  in 
more  continuous  masses,  tlius  filling  out  more  i)erfectly  the  tetrahednil 
pattern. 

There  remains,  then,  for  consideration,  the  fascinating  question  of 
Green's  twinning  plane,  the  great  mediterranean  band  of  seas  broadly 
bisecting  the  three  continents,  of  loftiest  mountains  and  deepest  depres- 
sions, of  torsion  and  vulcanism,  which  belts  the  earth  parallel  with  the 
ecliptic. 

GREEN'S  EXPLANATION  OF  THE  MEDITERRANEAN  ZONE 

If  we  place  a  globe  with  its  axis  inclined  23}  degrees  from  the  vertical,  so 
the  wooden  circle  will  be  the  ecliptic,  and  rotate  it  so  Gibraltar  is  beneath 
the  pole  and  the  brass  meridian,  the  small  circle  12  degrees  (plate  14) 
north  of  the  horizon  is  the  center  of  the  most  remarkable  zone  on  the 
earth.  Begiiining  with  the  Mediterranean  and  all  its  mountain  chains, 
deep  basins,  and  volcanoes,  it  continues  past  Asia  Minor,  the  Caucasus, 
Himalayas,  East  Indies,  the  volcanic  band  of  the  south  Pacific,  to  the 
Central  American-Caribbean  region,  and  by  the  Azores  and  Canaries  to 
Gibraltar  again.  It  is  cut  at  the  East  and  West  Indies  by  the  equator 
and  the  zone  of  fire  bordering  on  the  Pacific.  The  explanation  whereby 
Green  connects  the  phenomena  of  these  two  circles  with  his  hypothesis 
is  exceedingly  ingenious  and  acute.  He  makes  use  of  the  polar  circle 
fractures  of  Richard  Owen  and  Dana,  and  the  ecliptic  fracture  zone  of 
Guyot  and  Hochstetter,  caused,  he  believes,  by  tidal  strains  in  the  earth  s 
crust. 

If  we  refer  again  to  the  globe,  placed  as  before  (figure  6),  with  the 
axis  inclined  23J  degrees  and  the  sun  and  moon  placed  as  indicated,  the 
sun  will  be  in  solstice  and  the  moon  in  opposition,  and  it  will  be  the  time 
of  spring  tides.  There  would  then  be  a  maximum  tidal  stress  in  the 
crust  along  the  great  circle  90  degrees  from  the  sun  and  tangent  to  the 
polar  circle,  indicated  by  the  line  AB  in  the  center  of  the  figure.  The 
solstice  is  the  solstice  because  the  sun  stands  longest  here  where  ecliptic 
and  equator  are  parallel,  or  nearly  so,  and  this  strain  would  be  applied 
daily  for  a  much  greater  portion  of  the  year  beneath  this  circle  AB  than 
beneath  that  due  to  any  other  position  of  the  sun  except  the  other  sol- 
stice, CD,  where  the  effects  would  be  identical  with  ^5,  and  there  would 
therefore  be  more  conjunctions  and  oppositions  here.  The  relative  dis- 
tribution of  this  strain  through  the  year  is  indicated  by  the  increiising 
depth  of  shading  from  the  pole,  NS,  to  the  two  lines  AB  and  CD — that 
is,  from  the  equinoxes  to  the  solstices.  Now  every  portion  of  the  earth 
would  feel  this  stretching  equally  as  it  passed  beneath  the  line  AB  each 
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GREENES   EXPLANATION    OF   MEDITERRANEAN    ZONE  79 

day,  and  the  constantly  repeated  stress  would  search  out  planes  of  weak- 
ness in  the  crust,  and  might  change  them  to  fractures,  as  the  constant 
bending  of  a  wire  at  last  breaks  it ;  as  a  weak  joint  in  a  bicycle  chain  is 
constantly  strained  as  it  goes  over  the  geared  wheel  and  at  last  broken. 
As  we  now  revolve  the  globe  beneath  the  vertical  wire,  many  northeast 
and  northwest  coastlines,  which  are  assumed  to  be  fracture  lines  as  well, 
come  under  it.  If  we  halt  the  globe  so  that  Gibraltar  is  again  beneath 
the  solstice,  the  Pacific  coastline  of  Asia,  the  most  remarkable  and  cer- 
tain fissure  line  of  all,  comes  under  the  line  AB.  Indeed,  the  whole  band 
of  fire  around  the  Pacific  is  nearly  under  this  line.  And  it  seemed  to 
Green  that  the  maximum  tidal  wave  thus  regularly  and  repeatedly  pass- 


Fi»URB  6. — Dioffram  of  the  Olobe  placed  so  that  F  in  in  Solnticc. 
To  illustrate  tidal  stresses. 

ing  through  this  coastline  where  the  slope  changes  so  rapidly  might 
intensify  any  existing  tendency  and  cause  fracture. 

But  the  same  tidal  stress  tends  also  to  produce  cleavage  at  right  angles 
to  the  above  plane,  and  thus  parallel  to  the  ecliptic,  EF.  This  stress  de- 
creases from  equator  to  pole.  There  is  set  up  a  horizontal  differential 
strain  between  each  element  of  the  crust — that  is,  a  narrow  band  nearest 
the  horizontal  circle  is  stretched  most,  the  next  band  above  a  little  less, 
and  so  on  north  and  south,  causing  a  tendency  to  rupture  between  the 
bands.  This  force  would  also  reach  its  maximum  in  the  solstitial  ecliptic 
plane,  as  is  indicated  by  the  shading  between  EF  and  //,  and  might 
search  out  planes  of  weakness  on  the  earth's  surface  along  great  circles 
tangent  to  the  tropics. 
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And  this  was  the  interesting  coincidence  that  Green  utilized.  At  the 
instant  when  what  we  may  call  the  vertical  tidal  stretching  was  causing 
the  polar  circle  fracture  around  the  Pacific,  the  horizontal  tidal  shearing 
would  tend  to  produce  ecliptic  fractures  along  the  Mediterranean  zone, 
since  this  lies  parallel  to  the  ecliptic  when  the  Pacific  coastline  is  per- 
pendicular thereto. 

Indeed,  Green  assumed  that  if  the  Pacific  coast  was  thus  fractured  by 
the  tidal  stress  (and  this  seemed  to  him  certain)  a  set  of  fractures  at  right 
angles  thereto,  or  ecliptic  fractures,  would  necessarily  be  formed  coinci- 
dent therewith  and  extended  clear  around  the  globe,  and  thus  the  twin- 
ning plane  was  formed. 

The  southern  hemisphere,  tending  to  move  eastward  parallel  with  the 
equator,  as  explained  on  page  67,  utilized  this  plane  of  fracture  parallel 
to  the  ecliptic,  and  moved  the  southern  continents  along  it  to  their  present 
position,  and  thus  the  twinning  plane  was  used. 

This  furnished  a  consistent  and  extremely  ingenious  theory  and  con- 
nected a  great  multitude  of  diverse  phenomena  with  the  tetrahedral  idea- 

TIDAL  STRESSES  IN  THE  CRUST 

Although  we  are  not  able  to  assign  an  important  place  to  torsional 
forces  and  tidal  stresses  in  the  formation  of  the  intercontinental  zone,  we 
have  wished  to  explain  Green's  hypothesis  thus  fully  for  the  considera- 
tion of  others,  because  of  its  curious  interest,  and  because  it  brings  up 
the  subject  of  tidal  stre&ses  in  the  earth's  crust. 

If  these  tidal  forces  have  transferred  the  moon  from  a  place  near  the 
earth  to  its  present  position,  their  reaction  must  have  been  in  some  wise 
effective  in  the  earth's  crust  and  more  and  more  effective  as  we  go  back- 
ward in  time. 

If  this  force  were  able,  acting  alone,  to  produce  fissures,  it  would  form 
a  close  set  tangent  to  the  polar  circles,  and  covering  the  face  of  the  eartli 
like  the  engine-work  on  a  watch-case,  and  breaking  the  crust  up  into 
diamonds  with  angles  of  47  degrees  directed  north  and  south.  The  tend- 
ency of  the  tetrahedral  deformation  is  to  produce  triangular  land-masses 
with  the  apex  southward.  In  combination  the  tidal  force  may  tend  to 
emphasize  and  duplicate  these  southward  triangles.  Where  the  Atlan- 
tic coast  type  prevails  in  the  Atlantic  and  Indian  oceans,  coast  formation 
is  largely  by  sinking  of  great  land  blocks,  and  the  tidal  strains  may  be 
influential  in  choosing  or  directing  the  course  of  fissures  otherwise  caused, 
and  thus  be  partly  responsible  for  the  prevalence  of  northeast  and  north- 
west coastlines.  We  recall  India,  Greenland,  and  the  south  lobes  of  tlie 
continents.  It  seems  also  possible  that  this  tension,  acting  transversely 
to  the  northwest  and  northeiist  mounUiin  chains  and  sharply  sloping 
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coasts,  has  been  among  the  directing  forces  in  fixing  their  position  and 
determining  the  constant  repetition  of  parallel  or  superimposed  chains 
during  long  geological  ages  (see  Prinz's  map,  page  94). 

POSSIBLE  FORMES  PARALLELISM  OF  EQUATOR   WITH  MEDITERRANEAN  ZONE 
AND  GREATER  OBLATENESS  AS  AN  EXPLANATION  OF  THIS  ZONE 

Presentation  and  discumcm  qfvietvs  of  other  writers. — The  tidal  force  was 
assumed  by  Green  to  be  capable  of  making  fissures  in  the  crust.  Grant- 
ing this,  the  necessary  connection  of  the  two  sets  of  fissures  was  assumed, 
and,  while  there  is  a  possible  reason  for  the  occurrence  of  fissuring  in  the 
vertical  zone,  in  that  it  coincides  with  maximum  bending  or  sedimenta- 
tion at  a  coastline,  there  is  no  reason  apparent  why  this  particular  posi- 
tion of  the  ecliptic  plane  bisecting  the  three  continents  was  a  plane  of 
weakness  rather  than  any  other. 

Moreover,  granting  such  a  plane  of  weakness,  the  shearing  force  gen- 
erate by  rotation  parallel  to  the  equator,  GH  of  figure  6,  page  79,  would 
act  at  great  and  perhap  sprohibitive  disadvantage  at  an  angle  of  32i 
degrees  to  its  proper  direction  in  the  plane  EF. 

I  was  thus  led  to  consider,  although  at  the  same  time  dismissing  the 
idea  of  torsion,  the  alternate  hypothesis  or  speculation  that  this  zone 
was  once  the  equator  or  parallel  to  the  equator,  the  earth  rotating,  like 
Jupiter,  with  the  equator  and  ecliptic  nearly  coincident,  which  would 
make  these  stresses  a  maximum  both  for  the  Mediterranean  and  the 
Pacific  zones.  As  theory  does  not  permit  to  the  earth  so  small  an 
ohlitjuity,  I  pursued  the  inquiry  without  regarding  the  amount  of  the 
obliquity,  since  there  are  marry  peculiarities  concentrated  in  this  remark- 
able band  which  may  possibly  find  explanation  if  it  were  an  equatorial 
zone.  This  would  shift  the  pole  north  beneath  the  brass  meridian  to  a 
point  west  of  Bering  strait,  and  the  center  of  the  equatorial  ring  would 
1)6  on  the  line  crossing  northern  Africa  on  the  map  in  plate  14,  page  78. 
I  was  then  interested  to  recall  that  other  students,  working  in  different 
fields,  had  come  upon  results  which  demanded  a  transfer  of  the  pole  into 
much  the  same  region. 

The  first  suggestion  of  this  position  of  the  earth's  axis  came  from 
Kloden.*  who  pictured  the  earth  as  a  fluid  and  motionless  body,  egg- 
shaped  from  lunisolar  attraction,  which  began  to  revolve  slowly  on  solidi- 
fication.    As  rotation  increased  the  pole  moved  to  its  present  i)osition. 

Doctor  J.  Evans,  in  a  presidential  address  before  the  Geological  Society 
of  England ,t  supposes  an  equatorial  mountain  chain  raised  across  the 
north  of  Africa,  crossing  the  meridian  of  Greenwich  in  20  degrees  north 

*  K.  F.  Kloden  :  OrundliDien  zu  einer  nouen  Theorie  der  Erde.     Berlin,  1823. 
t  Qaar.  Joar.  Geoi.  Soc,  toI.  xzxii,  p.  108. 
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and  the  equator  in  90  degrees  east  and  west  longitude,  and  asks  would  not 
this  bring  the  axis  of  figure  and  rotation  20  degrees  south  between  Green- 
land and  Spitzbergen?  The  paper  was  discussed  by  J.  F.  Twisden* 
and  several  others,  and  no  one  seems  to  have  noticed  that  this  would 
carry  the  axis  of  figure  20  degrees  in  the  other  direction,  namely,  to  near 
Bering  strait. 

From  a  study  of  the  Tertiary  leaf  beds  of  Mackenzie  river,  Grinnell 
land,  Disco,  and  New  Siberia,  Melchior  Neumayr,  of  Vienna,  proposed 
to  shift  the  pole  10  degrees  toward  Bering  strait  to  explain  the  distri- 
bution of  these  subtropical  plants  in  Arctic  regions ;  and  Baron  Nathorst, 
of  Stockholm,  from  a  study  of  the  Tertiary  flora  of  Japan,  found  that 
the  distribution  of  Miocene  plants  could  best  be  explained  by  a  transfer 
of  the  pole  20  degrees  toward  the  same  pointf 

Jules  Peroche,  in  a  study  of  all  the  fossil  floras,  lets  the  pole  approach 
Bering  strait  as  it  revolves  in  a  circle  of  30  degrees  diameter  around  the 
magnetic  north  pole.J 

There  appears  in  Zeitschrift  der  Deutschen  Geologischen  Gesellschaft 
for  1899  §  an  article  by  Max  Semper,  in  which  the  attempt  is  made  to 
reconstruct  the  ocean  currents  of  the  Eocene  and  to  compare  there- 
with the  direction  taken  by  the  Eocene  mollusca  in  their  wanderings. 
He  finds  entire  lack  of  agreement.  The  currents,  however,  take  direc- 
tions which  favor  the  known  wandering  of  the  East  Indian  genera  west- 
ward across  the  Mediterranean  and  on  to  Central  America,  when  the  pole 
is  transferred  20  or  30  degrees  along  the  meridian  20  degrees  east 
of  Greenwich.  This  brings  the  pole  into  western  Ahiska  and  very 
near  the  point  assumed  in  the  foregoing  discussion. 

Last  year  Michel-Levy  ||  published  a  remarkable  map,  (plate  13,  )n\ue 
74)  showing  the  distribution  of  volcanic  rocks  and  main  mountain  chains 
and  fissure  systems  in  tetrahedral  symmetry,  and  placed  the  pole  of  the 
tetrahedron  18  degrees  from  the  earth's  pole,  near  Bering  strait. 

Mr  Osmond  Fisher  first  suggested  that  the  lessened  oblateness  should 
have  produced  corrugation,  and  that  the  lack  of  indiciition  of  any  effect 
such  as  might  have  been  expected  in  equatorial  regions  favors  a  change 
of  latitude,^  but  he  dismisses  the  subject  in  a  sentence. 

Mr  \V.  P.  Taylor,**  in  a  valuable  article  admitting  and  enforcing  the 
arguments  against  the  sufiiciency  of  the  contractional  hj'pothesis  to  ex- 

•l^uar.  Jour.  (itM>l.  Soo.,  vol.  xxxiv,  p.  33. 
fKoken  :  Die  Vorwelt,  p.  b:i\K 

X  Mem.  Soc  Areh.  etd'Hist.  Nat.  d.  1.    Manche,  vol.  vii,  1800. 
g  Volume  li,  p.  Iho. 

jj  Siir  l:i  coordination  et  la  rt^pjirtition  de  frai'tnros  ot  des  {^ffoiKirements  de  I'^corc**  Icrre.stte  en 
relation  »vec  les  epaucht'TTimts  v<»lcani«iue.     Bull.  G^ol.  Soc.  Fninee,  3  S.,  vol.  xxvi,  1898,  p.  li»:>. 
^  Physios  of  tlio  Earth's  Crunt,  1881,  p.  181. 
•♦Crumpling  of  the  earth's  crust.    Am.  Jour.  Sci.,  3d  series,  vol.  xxx,  1895,  p.  250. 
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plain  the  folding  of  the  earth's  crust,  replaces  this  by  the  theory  that  by 
the  diminution  of  the  oldateness  dependent  on  slower  rotation  the  moun- 
tain folding  could  be  fully  accounted  for.  Admitting,  with  Lord  Kelvin 
and  Darwin,*  that  the  axis  of  rotation  and  maximum  inertia  of  the 
earth  may  have  moved  to  any  amount,  and  noting  that  the  highest 
mountains  in  the  Andes  and  Himalayas  are  near  the  tropics  and  apart 
from  the  equator,  he  suggests  as  a  mere  speculation  that  if  the  pole  may 
have  been  in  the  remote  past  transferred  to  Bering  strait,  bringing 
*'Guyot'8  central  zone  of  fracture  "  (that  is,  the  Mediterranean  zone)  to 
be  the  equator,  the  highest  mountains  would  be  brought  much  nearer 
the  equator.  This  could  be  *'  only  a  shifting  of  the  mass  of  the  earth 
(so  to  speak)  upon  an  axis  fixed  in  angular  direction,  with  accompany- 
ing shifting  within  its  substance  of  the  equatorial  plane  of  oblateness." 
That  is,  the  obliquity  of  the  ecliptic  must  remain  unchanged. 

We  may  look  for  other  indications  that  this  zone  inherits  its  manifold 
peculiarities  from  its  former  equatorial  position. 

1.  It  is  at  first  curious  that  the  great  chain  of  the  Aleutians  is  con- 
centric with  the  proposed  position  of  the  pole. 

2.  In  the  short  distance  between  Scotland  and  the  Mediterranean  are : 
(a)  The  Caledonian  chains  with  the  great  overthrusts  of  Eribol,  and  folds 
of  this  age  are  continued  south  to  the  Ardennes ;  (6)  the  Variscan  chains 
with  the  great  overthrusts  of  the  Belgian  coal  fields,  and  folds  of  this 
age  are  buried  beneath  the  later  Alps ;  (c)  the  Armorican  chains,  and  (jd) 
the  Tertiary  folds  of  the  Alps  and  Apennines,  the  latter  series  represent- 
ing a  crustal  shortening  of  74  miles,  according  to  Heim.  All  are  thrust 
northwardly. 

'llie  sinking  of  the  Mediterranean  region  and  shrinkage  beneath  this 
area  seem  incompetent  to  this  work. 

The  inadequacy  of  the  escape  of  heat  to  explain  all  folding,  so  strongly 
enforced  by  Fisher,t  l)utton,J  and  many  others,  may  be  for  the  moment 
a(hnitted,§  and  we  may  review  the  list  of  possible  causes  of  crustal  short- 

*  Parwin  admits  an  excursion  of  the  pole  of  10  or  16  degrees,  and  saggoflts  its  Mtanding  over 
Greenland  to  explain  the  Glacial  period.  This  wandering  would  be  by  steps  of  two  or  three  de- 
Krees,  followed  by  an  earthquake  assisted  adjustment  to  a  figure  of  equilibrium.  (G.  M.  Darwin  : 
Un  the  influence  of  geological  changes  on  the  earth's  axis  of  rotation.  Phil.  Trans.  Roy.  Soc, 
Tol.  clxvii,  part  i,  1877,  p.  271.) 

t  Phy«ic«  of  the  Earth's  Crust,  1889,  p.  2.55. 

J  A  oritici.^m  of  the  contractional  hypothesis.    Am.  Jour.  Sci.,  3d  series,  vol.  viii,  1874,  p.  113. 

|Thi>i  argument,  based  on  a  solid  sphere  of  uniform  initial  temperature,  cooling  by  conduction 
aocordingto  a  constant  law  of  conductivity  derived  from  imperfect  experiments  at  low  pressure, 
jnvolves  more,  and  more  improbable  assumptions  than  does  the  hypothesis  that  the  interior  of  the 
<»Hrth  may  consist  of  highly  condensed  gases  at  temperatures  al>ove  their  critical  points,  an  hypoth- 
e#i?  first  advanced  by  Franklin  (Conjectures  concerning  the  formation  of  the  earth:  Trans.  Am. 
Phil.  Soc.,  vol.  iii,  p.  1)  and  developed  by  Bitter  in  a  wonderfully  acute  and  original  mathematical 
Analysis  (Untersuchnngen  flber  die  HOheder  Atmosphere  und  die  Konstitution  gasformiger  Welt- 
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ening  given  by  Van  Hise*  (omitting  those  due  to  tidal  retardation  ar 
noting  that  the  reserves  of  all  these  forces  had  probably  been  exhaust* 
(luring  the  post-Carboniferous  revolution),  namely,  (a)  some  fraction 
the  diminished  result  of  secular  cooling  admitted  above  to  be  unimpd 
tant ;  (6)  cementation,  and  (c)  escape  of  lava  and  gases.  Their  probali 
amount  of  accumulation  in  the  Mesozoic  seems  insufficient  to  expla 
the  enormous  amount  and  the  peculiar  localization  of  the  above  Tertia 
deformation. 

Thus  the  effects  of  tidal  retardation,  reserved  above,  seem  a  welcoi 
addition  to  the  means  of  explanation  of  the  crowded  equatorial  chai 
in  question. 

3.  It  is  significant  that  Button,  denying  the  efficacy  of  shrinkage,  a 
vances  an  hypothesis  of  mountain-making  by  horizontal  flowage  at  t 
expense  of  a  somewhat  forced  hypothesis  to  explain  a  potential  slo 
along  which  the  movement  may  take  place.  Great  masses  of  sediniii 
are  transferred  from  land  to  adjacent  sea-bottom.  **  The  result  is  a  tr 
viscous  flow  of  the  loaded  littoral  inward  "  and  upward  **  upon  the  u 
loaded  continent.'' f 

Sir  John  Murray,  in  a  presidential  address  before  the  Section  of  Ge( 
raphy  of  the  British  Association,  has  adopted  and  extended  this  theor 

The  subcrust  (tectosphere  or  melted  layer)  of  the  loaded  margin  becon 
more  solid  by  increased  pressure.  The  subcrust  of  the  unloaded  la 
becomes  viscous  by  relief  of  pressure.  "  Deep-seated  portions  of  t 
terrigenous  deposits  are  slowly  carried  toward,  over,  or  underneath  t 
submerged  land."  These  newly  formed  terrigenous  shore  deposits  h 
become  by  decomposition  and  sorting  highly  silicious  and  lighter,  a 
by  many  repetitions  of  this  process  are  carried  from  the  shores  into  t 
interior  of  the  continents  by  a  kind  of  arenaceous  diffusion,  making  t 
latter  more  silicious  and  lighter. 

4.  If  we  review  again  the  series  of  paleographical  maps  (plates  10  a 
11,  page  70)  we  shall  see  that,  while  the  present  equator  has  never  bt 
emphasized  as  a  line  of  importance  in  the  ancient  geography  of  the  ear 
the  Mediterranean  zone  was  marked  out  in  very  early  times.  From  t 
Paleozoic  era  to  the  present,  one  of  the  most  persistent  features  sho^ 
on  these  maps  is  the  continuous  band  of  water  which  has  occupied  t 

kfirpcr.  Ann.  d.  Phys.  u.  Chern.  2,  vol.  v,  pp.  405,  55.3;  vol.  vi,  p.  135;  vol.  vii,  p.  304;  vol.  vii 
157.) 

The  theory  has  been  popularized  by  Zfippritz  ( Ver.  d.  deutsch.  Geographen  Tage.s,  1882,  p.  1,".). 
accepted  by  Gunther  (Lelnbuoh  d.  Goophyaik,  vol.  i,  1884,  p.  319).  It  demands  a  vaj^tly  gre: 
central  temperature  and  gravity,  and  would  introduce  an  unknown  eoeflficient  of  contrac 
and  a  cooling  by  convection,  and  permit  an  indeterminable  surface  contraction. 

•Journal  of  (ieology,  vol.  vi,  1898,  p.  10. 

t  Greater  problems  of  physical  geology:  Bull.  Phil.  Soc.  Washington,  vol.  xl,  p.  60. 

X  Nature,  vol.  Ix,  1899,  p.  525. 
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position  of  our  supposed  equator  and  has  been  bounded  north  and  south 
by  more  or  less  continuous  bands  of  land.  It  is  the  *^  Centrales  Mittle- 
raeer"  of  Neumayr.  Indeed,  in  the  Eocene  many  groups  of  littoral 
animals  can  be  followed  along  the  continuous  shores  of  this  nummulitic 
sea  from  India  through  the  Mediterranean  to  Panama,  and  in  the  Cre- 
taceous the  Rudistse  had  a  similar  distribution.  We  may  assume  the 
former  greater  rotation  of  the  earth  with  the  pole  at  Bering  strait  to  have 
stood  in  causal  relation  with  these  bands  of  land  and  this  continuous 
belt  of  water.  This  is  an  added  argument  for  the  supposed  position  of 
the  pole. 

5.  The  Mediterranean  zone,  with  its  deep  depressions  and  curved  moun- 
tain chains  with  volcanoes  on  the  concave  sides,  finds  a  possible  expla- 
nation in  the  assumption  that  these  chains  may  have  slid  down  or  have 
been  thrust  down  the  northern  slope  of  the  former  greater  equatorial 
protuberance,  as  it  subsided  because  of  the  diminishing  velocity  or  be- 
cause of  readjustments  dependent  on  the  motion  of  the  pole  toward  its 
present  position. 

h  mch  a  dope  possible  ?  The  equatorial  sea,  described  in  the  last  sec- 
tion, which  continued  into  the  Eocene,  may  be  taken  as  an  indication 
of  greater  velocity,  and  thus  of  greater  oblateness. 

Darwin  makes  the  life  of  the  planet  begin  about  57,000,000  years  ago, 
with  a  rotation  of  5i  hours,  which  in  about  10,000,000  years  had  come  to 
be  loj  hours.  Plotting  his  values  and  continuing  the  curve  to  the  pres- 
ent date,  we  get  as  maximum  values  a  day  of  about  19i  hours  25,000,000 
years  ago,  and  221  hours  10,000,000  years  ago.  Darwin,  in  discussing 
the  table  from  which  the  above  values  are  taken,  expresses  the  opinion 
that  some  part  of  these  changes,  referring  mainly  to  the  numbers  men- 
tioned in  the  first  part  of  the  above  statement,  could  have  taken  place 
in  geological  time.* 

In  the  article  cited  above  Taylor  makes  the  oblateness  when  the  earth 
rotated  in  6  hours  396  miles  greater  than  at  present. 

At  the  instance  of  Professor  Van  Hise,  Professor  C.  S.  Slichter  f  calcu- 
lated the  oblateness  of  a  homogeneous  spheroid  rotating  in  5}  hours  to 
be  113  miles,  and  the  surface  210,000  miles  greater  than  at  present  on 
that  account,  and  on  the  assumption  of  a  heterogeneous  spheroid  and 
I^place's  law  of  the  relation  of  density  and  pressure  and  a  rotation 
period  of  6i  hours  the  "  changes  of  pressure ''  would  in  addition  cause 
a  minimum  increase  of  surface  above  the  present  of  1,700,000  square 
miles. 


•  G.  H.  Darwin  :  On  the  precession  of  a  viscous  spheroid  and  on  the  remote  history  of  the  earth. 
Phil.  Traii«.  Roy.  Pi»p,,  vol.  clxx,  part  ii,  1K79,  pp.  404,  '.si. 
t  Jour.  (i»»ol.,  vol.  vi,  p.  (K). 

XII— Bull.  Gkol.  Soc.  Am.,  Vol.  11,  1899 
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Van  Hise  suggests  that  the  effect  of  the  loss  of  these  two  great  amounts 
of  surface  would  be  mainly  concentrated  in  equatorial  regions,  and  is 
available  to  explain  the  great  deformations  of  the  older  rocks,  especially 
those  of  the  Archean  and  Algonkian.* 

In  our  ignorance  of  the  real  amount  and  the  rate  of  decrease  of  this 
large  oblateness  and  the  rate  of  lagging  of  its  plastic  adjustment  to  dimin- 
ished rotation,  we  may  assume  that  some  small  but  sufficient  part  of  this 
equatorial  protuberance  may  have  continued  later  than  the  Algonkian 
and  furnished  the  slope  required,  in  this  explanation,  at  least  for  the 
earlier  chains  formed  along  this  line,t  and  later  chains  tend  strongly  to 
be  superimposed  on  earlier  ones. 

Later  it  may  have  been  reenforced  by  elevation  due  to  contraction— 
that  is,  to  tetrahedral  deformation. 

Oeneral  eocplanation  of  the  formation  of  the  intei'continental  zone, — ^^Vhile 
the  equatorial  ring  by  long  tidal  ages  of  friction  was  being  reduced  to 
near  its  present  dimensions  (and  both  Spencer  and  Darwin,!  in  oppo- 
sition to  Lord  Kelvin,  admit  a  rapid  plastic  adjustment  of  the  oblateness 
to  the  diminishing  rotation),  the  northern  tetrahedral  land  masses,  in- 
creased by  constant  cooling,  might  come  into  relative  prominence,  and 
solar  attraction  acting  upon  them  might  slowly  bring  the  rotation  axis 
into  its  present  position  of  equilibrium  and  coincidence  with  the  tetrahe- 
dral axis,  keeping  the  attractions  in  the  northern  and  southern  hemi- 
spheres equal.  This  might  ultimately  aid,  as  Green  has  shown,  in  causing 
the  axis  to  incline  28J  degrees  to  the  ecliptic  and  to  move  into  its  present 
position.  During  this  change  came  the  marvelous  time,  ending  in  lute 
Miocene  and  even  Pliocene,  when  the  great  mountain  chains  rose  along 
this  zone,  obliterated  the  nummulitic  sea,  created  the  great  chains  from 
the  Pyrenees  to  the  Himalayas  and  on  to  the  north  of  Australia;  when  part 
of  the  plateau  of  Arabia  and  western  Persia  rose  and  limited  the  Indian 
ocean  on  the  south ;  when  the  Central  American  chains  and  the  Antilles 
arose  and  separated  the  Atlantic  and  the  Pacific,  and  when  perhaps  a 
continental  mass  sank  in  the  south  Pacific  coral  region.  Coincidently 
Andes  and  Cordillera  and  the  festoon  of  curved  chains  that  adorns  Asia 
surrounded  the  Pacific  with  a  wall  of  mountains  and  a  line  of  fire.  It 
is  a  pleasant  suggestion  of  Sacco  §  that  the  human  race  may  have  orig- 
inated about  this  time  in  the  East  Indies,  and  a  French  savant,  M  Ma- 
nauvrier,  has  suggested  that  Pithecanthropvs  ei^ecius  may  have  obtained 

*  Jour.  Geol.,  vol.  vi,  p.  50. 

t  In  the  zone  of  Mont  RIano  antl  In  the  Carinthinn  Alps,  Variscan  post^Carboniforoua  fold'*  api»ear 
beneath  the  Alpine  Tertiary  folds.    (Suo8h.    See  appendix  to  this  paper,  p.  lOO.) 
X  The  Tides,  p.  301. 
2  Eesai  aur  I'orogdnie  de  la  terre.    Turin,  1895,  p.  47. 
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his  expanded  skull  by  the  assumption  of  the  *'  marche  bipMe  "  to  which 
he  was  compelled  by  the  intense  volcanic  activity  in  Java,  thus  connect- 
ing the  advent  of  man  with  the  advent  of  vulcanism  * 

fA  broad  zone  of  unfolded  table-lands,  often  Archean  but  partly  cov- 
ered by  flat  rocks  from  eustatic  transgressions,  which  have  been  since 
a  time  long  antecedent  to  the  upfolding  of  these  mountain  chains  un- 
affected by  orogenic  forces,  stretches  south  of  these  chains,  including  north 
Africa,  Arabia,  India,  Australia,  and  Guiana  (see  plate  14  a,  b.  page  78), 
and  represents  the  central  portion  of  the  equatorial  elevation  which,  as 
tidal  friction  retarded  the  earth ^s  rotation,  became  partially  unsupported, 
and,  in  sinking,  furnished  the  northward  thrust  which  has  raised  up 
Alps  and  Antilles  upon  its  flank,  or,  resisting  collapse  up  to  the  strength 
of  its  material,  allowed  the  more  plastic  superficial  strata  to  flow  north 
in  mountain  folds  according  to  the  acute  suggestion  of  Reyer,J  that  moun- 
tain chains  seem  not  like  the  eficct  of  tangential  thrust,  but  like  the  result 
of  the  sliding  of  slightly  plastic  strata  down  a  low  slope  under  the  in- 
fluence of  gravity.  A  first  effect  may  have  been  the  sinking  of  large 
blocks  at  spots  along  the  slightly  unsupported  slope  of  the  flattening 
ring  forming  the  deep  pockets  so  peculiar  to  all  the  Mediterraneans. 
Then  perhaps  the  gathering  of  sediments  around  the  borders  aided  in 
the  formation  of  the  mountain  chains  which  surrounded  the  sunken 
blocks.  Then  followed  the  general  sliding  or  succession  of  slidings  of 
the  whole  series  northward  down  the  slope,  forming  the  mountain  chains 
and  island  chains  often  circumjacent  to  the  sunken  blocks  which  belt 
the  earth  along  the  Mediterranean  zone,  and  causing  all  the  volcanic 
and  seismic  activity  which  is  concentrated  along  the  concavity  of  the 
curves. 

This  sliding  miglit  be  carried  down  a  very  low  slope,  solicited,  as  it 
were,  by  the  constant  stresses  of  the  earth  tides  and  occasional  earthquake 
vibrations,  especially  in  soft  and  water-soaked  strata  recently  emerged 
from  the  sea. 

Finally  came  the  sinking  of  great  blocks  of  these  chains  where  they 
had  come  to  rest  on  portions  of  crust  unequal  to  their  support,  as  where 
the  Apennines  cross  into  Africa  or  the  Caucasus  sinks  in  the  Pontus  and 

•  Am.  Jour.  Sci.,  4th  series,  vol.  iv,  1897,  p.  237. 

t  We  present  the  foUowing  conjectural  explanation  in  the  indicative  for  brevity  and  directness, 
noting  that  the  more  conservative  idea  that  only  the  early  outlines  of  these  chains  were  dependent 
on  this  position  of  the  slope  of  the  ninking  ring  is  perhaps  more  defensible,  and  noting  also  that 
the  suggestion  of  this  relation  retains  a  certain  plausibility  apart  from  the  success  or  our  expla- 
nations. 
t  Theoretiache  Geoldj^ie,  18A8,  p.  479. 
Ursachen  d.  Deforroationen  und  d.  Gebirgsbildung,  1892. 
Geologiflche  Experimente,  Heft  iii,  1894,  p.  9. 
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the  Caspian,  or  where  the  northern  Adriatic  and  jEgean  have  sunk  in 
whole  or  part  almost  within  the  recent  period. 

It  may  be  asked  why  this  zone  of  sinking  and  compression  appeared 
only  on  the  northern  slope  of  the  former  equatorial  ring,  and  the  answer 
would  be  that  as  the  equator  moved  southward  across  Africa  the  dimin- 
ished protuberance  was  carried  to  its  present  position,  producing  here 
an  opposite  tendency  to  elevation  and  rest. 

The  maps  show  (see  plate  14,  page  78)  the  areas  between  the  former 
and  the  present  equator  to  represent  the  longest  east-west  reaches  of  the 
passive  tablelands  characterized  by  the  absence  of  folding  and  by  the 
vertical  sinking  of  great  blocks,  like  the  Dead  sea,  the  Red  sea,  the  Aden 
gulf,  and  Tanganyika,  in  all  this  agreeing  well  with  its  assumed  relations. 

Particular  description  of  the  zone  with  discussion  of  the  exceptional  char- 
acter of  the  Asiatic  chains, — Around  the  Mediterranean  we  know  the 
great  mountain  chains  east  to  the  Caucasus  are  moved  mainly  north- 
wardly because  they  bend  in  great  loops  convex  to  the  north  between 
the  resisting  forelands  of  Auvergne,  Bohemia,  and  the  Sudetic  ranges. 
This  is  the  conclusion  of  Suess.  If  they  had  been  caused  by  a  thrust 
from  the  south,  the  most  compressed  and  overturned  chains  would  be, 
as  in  the  Appalachians,  nearest  the  causative  force,  or  on  the  south. 
If  they  had  been  caused  by  moving  as  a  plastic  mass  down  a  slope,  the 
most  compressed  chains  would  be  at  the  north.  The  latter  case  is  the 
true  one,  as  the  most  comprimated  and  overthrust  chains  are  the  north- 
ern Alps,  as  in  the  Todi-Windgallen  group  or  north  of  Mont  Blanc. 
This  is  the  suggestion  of  Reyer.  It  is  as  if  the  old  land  of  Africa 
has  most  resisted  collapse,  making  a  low  slope  down  which  the  mass 
moved,  forming  the  strongest  chains  at  the  front  of  the  sliding  where 
the  forward  motion  has  been  greatest.  There  was  locally  partial  thrust 
to  the  south,  as  the  sinking  blocks  acted  like  the  toggle-joint  of  a  primi- 
tive printing  press,  and  gave  southward  motion  to  the  Atlas. 

Such  a  local  sliding  to  the  northwest  seems  well  established  for  a  great 
area  of  the  western  Alps,  where  between  Geneva  and  lake  Thun  and 
probably  much  farther  in  both  directions  and  with  the  full  width  of  the 
line  between  Martigny  and  Vevay  the  Mesozoic  rocks  have  slid  out  20 
kilometers  over  the  Tertiary  foreland  and  rest  now  rootless  on  Flysch 
and  the  red  Molasse.  They  have  torn  off  and  transported  great  masses 
of  the  crystallines  off  which  they  have  come.* 

In  Asia,  on  the  other  hand,  from  the  Caspian  to  Molucca,  as  there  was, 

♦  M.  Lugeon  :  Los  grandes  dislocations  doe  Alpes  de  Savoie.  Archives  des  Scienoe  phys  et  nat. 
4  Period  2,  1-4, 18U6.  Review.  Neuos  Jahr.  1899,  2d  vol ,  p.  404.  H.  Schardt :  Die  oxotischeD  Gobieto, 
Klippeu,  und  BlCcke  am  Nordrande  der  Schweitzer  Alpen.  EcIogH3.  Geol.  Helv.  V.  233,  1898,  Re- 
view. Neues  .Tahrbuch,  vol.  1,  1900,  p.  87.  ♦ 
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because  of  the  tetrahedral  depression,  no  sufficiently  extensive  land  on 
the  south  to  oppose  itself  to  the  effect  of  the  depressed  Indian  ocean 
and  of  the  continued  elevation  of  the  Manchurian  shield — the  tetrahe- 
dral nucleus  of  this,  the  largest  continent — the  many  parallel  mountain 
chains  of  southern  Asia  and  the  East  Indies  have,  as  it  were,  flowed 
southward  from  this  shield  like  a  glacial  ice-cap  and  ended  like  a  lobed 
ice-front,  overflowing  and  wrapping  in  great  curves  around  the  resist- 
ant foreland  of  India.  We  must  assume  the  elevation  of  the  Manchurian 
shield  on  the  one  side  and  the  sinking  of  the  Indian  ocean  on  the  other 
to  have  given  the  slope. 

We  have  considered  but  a  small  fraction  of  the  chains  which  have 
flowed  out  from  this  Asian  center,  and  it  does  not  seem  possible  that  any 
thrust  from  that  area  can  have  caused  them. 

Since  this  paper  was  written  I  have  read  the  abstract  of  an  article  by 
Suess,  in  which  he  defines  an  ancient  horst  in  the  center  of  southern 
Siberia  bordered  by  a  fault  which  runs  along  the  Jenissei  from  Krasno- 
jarsk  north  to  the  mouth  of  the  Stony  Tunguska  and  extends  east  to  a 
southwest-northeast  fault  or  fold  in  the  Jablonnoi  mountains  east  of  lake 
Baikal.  This  forms  the  northwestern  part  of  the  Manchurian  shield  as 
defined  above.  He  considers  it  the  center  from  which  the  Asian  curved 
chains  from  Saghalin  to  Java  and  on  through  the  Himalaya  to  the  Per- 
sian gulf  have  flowed  outwardly  toward  east,  south,  and  west,  accepting 
the  hypothesis  of  Reyer.  In  some  way  not  made  clear,  North  America, 
and  especially  the  magnetic  north  pole,  is  made  the  center  toward  which 
a  complementary  inflow  has  taken  place,  across  where  is  now  the  Pacific, 
and  Suess  suspects  that  these  curved  Asian  chains  "  stand  in  some  kind 
of  relation  to  an  outflow  of  superfluous  earth-mass  from  the  pole — 
that  is,  with  a  flattening  of  the  same."* 

In  the  Banda  sea  the  southward  curvature  changes  to  a  northward, 
causing  one  of  the  deepest  spots  in  the  ocean  bottom,  and  the  bending 
is  then  to  the  north  away  from  the  old  land  of  Australia,  and  this  north- 
ward curve  is  repeated  in  many  island  chains  on  the  north  to  the  Mar- 
shall archipelago.  This  curve  is  continued  from  the  mountain  range  of 
New  Guinea  to  New  Hebrides  and  New  Caledonia.  Here  the  line  leaves 
the  continental  area  with  its  curvilinear  island  chains,  and  enters  upon 
the  ocean  bottom  area  with  its  islands  in  detached  groups,  and  from 
Fiji  to  Tahiti  follows  the  line  of  volcanic  archipelagoes.  Off  to  the  north 
lies  the  coral  island  area,  separated  by  Dana's  line,  and  the  Kermadoc- 
New  Zealand-Macquari  band  branches  off  to  the  south,  as  does  the 

*  See  appendix  to  this  paper,  p.  96. 
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Celebes-Philippine  volcanic  band  to  the  north.  The  line  then  passes 
the  Marquesas,  where  gneiss  is  said  to  be  found,  and  reaches  the  Gala- 
pagos islands. 

Finally,  the  Antillean  system  and  the  mountains  of  Venezuela  seem 
to  have  slid  in  great  curves  northward  from  the  ancient  land  nucleus  of 
Guiana  toward  the  deeper  part  of  the  Altantic. 

The  remarkable  demonstration  suggested  by  Von  Seebach*  and  com- 
pleted by  Hillf,  that  the  Antillean  system  is  continued  westward  across 
Central  America,  truncating  the  Cordillera  south  of  the  plateau  of  Mexico 
and  separated  from  it  by  a  line  of  volcanoes,  and  independent  of  the 
Andes  and  separated  therefrom  by  a  line  of  volcanoes,  and  completes 
the  evidence  that  this  is  a  continuous  band  around  the  globe  of  mountain- 
making,  blockwise-sinking,  and  vulcanism,  repeating  a  common  Medi- 
terranean type  as  it  intersects  the  three  continents,  and  continuing  across 
the  oceans  in  submerged  ranges  and  lines  of  volcanic  fissures. 

Homologies  of  the  Mediterraneans. — We  may  finally  allude  to  another 
series  of  homologies  which  attest  the  common  origin  of  the  features  of 
this  remarkable  line. 

The  Mediterranean  depression,  located  at  the  solstitial  point,  from  the 
western  basin  to  the  Black  sea  lies  parallel  to  the  zone  in  the  solstitial 
position,  and  only  the  sea  of  Azof  breaks  through  the  mountain  curve 
on  the  north.  The  East  and  West  Indies,  placed  at  the  equinoctial  points, 
where  equator,  the  intercontinental  zone,  and  the  Pacific  line  of  fire  inter- 
sect, make  the  same  large  angle  witli  the  zone.  The  curved  Banda  group 
is  exactly  homologous  with  the  curved  volcanic  group  of  the  Lesser  An- 
tilles. The  Banda  sea  is  the  homologue  of  the  Caribbean.  Celebes  pro- 
jects north  like  Honduras.  The  Celebes  sea  is  like  the  Bartlett  deep, 
and  Borneo  stretches  north  to  the  Philippines,  as  does  Yucatan  to  the 
Greater  Antilles ;  and  the  China  sea  lies  outside  the  curve  of  mountains, 
as  does  the  gulf  of  Mexico.  Cuba  and  the  Philippines  are  then  quite 
close  homologues,and  we  have  assumed  political  control  of  the  two  nodal 
points  on  the  earth  where  all  natural  phenomena  are  at  their  maxim  urn— 
the  land  of  the  Royal  palm  and  the  Spice  islands,  of  the  tornado  arid  the 
hurricane.  We  are  assured  an  abundance  of  atmospheric,  seismic,  and 
volcanic  violence  for  all  time. 

Diversity  of  eruptives, — In  the  text  connected  with  the  map  cited  above, 
Michel-Levy,  in  classifying  the  larger  mountains  and  fracture  systems, 
separates  the  zone  we  have  just  followed  as  a  distinct  tj'pe,  marked  by 
rounded  depressions  (effondrements  en  ovales  mediterraneans),  charac- 

*  K.  von  Seobach  :  Uebcr  vulkano  Central  Amerikas.    Ab.  Ges.  der  Wiss.,  Gdttingen,  vol.  38. 
t  R.  T.  Hill :  Nat.  Geo.  Mag.,  vol.  vii,  p.  176. 
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terized  by  the  great  diversity  of  igneous  rocks,  contrasted  with  the  elon- 
gate Andean  type,  which  is  distinguished  by  the  monotony  of  the  effusive 
rocks  over  large  areas- 

Mountain  chains  ofttoo  types. — The  contractional  hypothesis  is  doubtless 
the  best  we  have  for  the  explanation  of  mountains ;  but  in  this  time  of 
the  foundering  of  the  whole  crust  of  the  earth  it  was  greatly  overworked, 
and  it  would  be  a  distinct  relief  if  a  large  and  peculiar  group  of  orographic 
forms  could  be  thus  explained  in  another  way,  and  one  which  involves 
perhaps  less  depth  of  movement  and  can  be  best  harmonized  with  the 
great  diversity  of  the  volcanic*  products.  We  would  put  in  the  group  of 
mountains  of  flowage  those  of  the  zone  we  are  studying  and  the  Asian 
side  of  the  Pacific  band.  They  are  convex  in  direction  from  the  center 
of  motion,  and  have  often  flowed  toward  the  sea.  They  are  most  folded 
on  the  convex  side,  farthest  from  the  center  of  motion,  and  lessened  fold- 
ing, stretching,  and  Assuring  with  frequent  outpour  of  lava  appear  on 
the  concave  side  nearest  the  center  of  motion. 

The  other  group,  including  the  Appalachians,  the  Urals,  and  the  Cor- 
dillera, are  formed  by  tangential  thrust  of  the  sinking  sea-bottom,  are 
straight  or  even  concave  (Urals,  and  Appalachians  in  crossing  the  Missis- 
sippi) on  the  side  away  from  the  center  of  motion,  and  have  always 
moved  from  the  sea.  They  are  most  folded  on  their  straightest  or  convex 
side,  nearest  the  center  of  motion  where  the  force  was  applied,  and  do 
not  have  volcanoes  on  the  concave  side,  and  the  folds  die  out  on  the  side 
farthest  from  the  center  of  motion,  as  in  the  Cincinnati  uplift,  or  Parma, 
as  Suess  calls  these  low  folds  from  the  corresponding  one  in  the  Urals. 
The  Great  Basin  topography  we  may  hold  with  Suess  *  and  Lundgren  to 
Im*  caused  by  the  collapse  of  a  great  Parma  extending  from  the  Wasatch 
to  a  line  east  of  the  Rocky  mountains,  and  the  Uinta  and  the  smaller 
peaks  east  to  the  Rockies  to  be  horsts  remaining  at  the  higher  level,  the 
whole  formed  as  the  ice  in  a  drained  pond  collapses  around  the  large 
rocks  on  the  bottom. 

Tke  Pacific  zone — We  have  finally  to  consider  the  chains  bounding  the 
north  Pacific  ocean  (plate  14,  a  and  6,  page  78).  Too  great  stress  has 
been  laid  on  the  distinction  between  an  Atlantic  and  Pacific  coast  type, 
and  the  violence  of  the  forces  around  the  Pacific  have  produced  a  contin- 
uous line  of  volcanoes,  which  disguises  the  diversity  between  its  two  shores. 
Indeed,in  the  article  given  below  Suess,  the  author  of  the  distinctioUjSeems 
to  recede  from  the  position  that  the  mountain  chains  have  flowed  toward 
the  sea  on  both  sides  of  this  ocean.  There  seems  to  be  substantial  agree- 
ment an^ong  the  American  and  Canadian  geologists  who  have  studied  on 


*  Da«  Aiitliz  der  Erde,  vol.  i,  p.  734. 
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the  Pacific  slope  that  the  forces  which  have  produced  the  mountains  there 
came  from  the  sea.  There  seems  to  be  substantial  agreement  among 
those  who  have  studied  the  Asiatic  shore  that  the  mountain-making 
force  came  from  the  land.  There  is  little  resemblance  between  the  con- 
tinuous Cordillera  and  the  series  of  imbricated  curves  which  adorn  the 
Asian  coast.  It  was  an  added  wonder  of  this  wonderful  Miocene  period 
that  the  Pacific  was  girdled  with  mountain  chains  and  volcanoes  at  the 
same  time  with  the  equatorial  belt  we  have  studied  and  bisecting  it  at 
right  angles,  and  it  was  an  advantage  of  Green's  explanation  that  it 
brought  these  under  a  common  cause. 

The  primary  force  raising  the  chains  about  the  Pacific  would  be  the 
wedging  from  the  sinking  of  great  areas  of  the  Pacific  sea-bottom,  pre- 
ceding more  or  less  truly,  according  to  the  norm  of  the  tetrahedral 
deformation. 

The  second  force  would  be  that  derived  from  the  inertia  of  the  moved 
blocks  as  defined  above  (see  page  76),  which  if  ever  effective  would,  both 
as  embodied  in  the  sinking  sea  and  rising  land  (and  thus  doubled)  tend 
to  increase  the  efficiency  of  the  mountain-making  force  along  the  Amer- 
/ican  shore.  Along  the  Asiatic  shore  the  efiect  might  be,  in  any  time  of 
most  rapid  sinking  (and  evidences  of  very  rapid  change  of  level  come 
from  many  parts  of  the  Pacific  shore,  as  in  California,  South  America, 
and  New  Zealand),  to  introduce  an  inertia  component  acting  east wardly, 
which  might  at  some  period  wholly  or  partly  countervail  the  westward 
thrust  and  permit  a  maximum  sinking  of  the  sea-bottom.  As  continued 
cooling  and  renewed  sinking  reintroduced  the  thrust  toward  the  land,  it 
would  be  a  thrust  at  maximum  depth,  and  it  might  be  kept  steadily 
below  the  mountain-making  intensity,  and  so  act  continuously  as  an 
epeirogenic  force  tending  toward  the  increased  elevation  of  the  tetrahe- 
dral continent.  Now,  the  tidal  stresses,  although  small  forces,  would, 
operating  year  in  and  year  out,  like  earthquake  vibrations,  acting  irreg- 
ularly, conspire  with  and  to  some  extent  give  direction  to  the  mountain- 
making  forces  along  the  American  shore.  On  the  other  hand,  they 
might  on  the  Asiatic  side  aid  in  the  transmission  of  the  deeper  seated 
forces,  enormously  great,  but  enormously  slow,  through  wholly  unex- 
pected distances,  and  promote  their  efficiency  as  epeirogenic  forces  to 
dome  up  slightly  the  mass  of  Asia. 

And  this  doming  up  in  conjunction  with  the  deep,  offshore  sea-bottom 
may  have  permitted  the  flow  of  the  land-masses  eastward  to  form  the 
festoons  of  the  Asiatic  coast  which  have  certainly  flowed  outward,  coin- 
ciding with  the  southern  sinking  in  the  equatorial  belt  and  the  south- 
ward flow  of  the  main  Asiatic  chains  already  described.    This  may  avoid 


THE  PACIFIC  ZONE  93 

the  necessity  of  adopting  the  marvelous  suggestion  of  Suess — and  a  sug- 
gestion of  Suess  must  be  carefully  considered  even  if  it  be  marvelous — 
that,  as  the  ice  flowed  from  Canada  to  Cincinnati,  the  earth-masses  have 
flowed  from  the  Stony  Tunguska  across  the  broad  reaches  that  later  sank 
to  be  the  Pacific  toward  the  magnetic  north  pole  in  Boothia  Felix,  fol- 
lowing and  perhaps  causing  the  lines  of  magnetic  declination.* 

In  "  Das  Antliz  der  Erde  "  Suess,  without  asking  the  question  why, 
announces  the  fundamental  distinction  between  the  Atlantic  and  Pacific 
coast  types.  He  pictures  the  mountain  chains  around  the  whole  Pacific 
moving  toward  that  ocean,  while  around  the  Atlantic  and  Indian  oceans 
the  structures  break  off  at  the  water.  I  had  expected  that  his  promised 
fourth  volume  would  be  an  expansion  of  Mr  Osmond  Fisher's  brilliant 
chapter  explaining  the  Pacific  as  the  scar  where  the  moon  was  torn  off, 
on  Darwin's  hypothesis  ;  the  Atlantic  and  Indian  oceans  as  the  fissures 
left  as  Australia  and  the  Americas  floated  out  toward  the  chasm,  and 
the  mountain  chains  about  the  Pacific  as  the  last  inflowing  of  earth 
matter  to  heal  the  scar,  as  wood  grows  in  around  a  pruned  branch. t 
The  above  suggestion  of  Suess  involves  a  different  but  equally  remark- 
able hypothesis. 

PRINZ'S  TORSION  MAP  AND  DARWIN'S  LINES  OF  WRINKLING 

We  must  examine  Prinz's  interesting  torsion  map  J  (figure  7)  in  con- 
nection with  the  tetrahedral  ideas.  We  can  not  at  first  avoid  the  criti- 
cism that  the  most  remarkable  torsion  line  on  the  globe,  the  east  Asiatic 
coast,  is  ignored  entirely,  and  emphasis  put  on  the  unimportant  chain 
of  the  Ladrones  instead. 

In  the  second  place,  we  consider  the  curved  band  representing  the 
Mediterranean  zone  to  be  the  equator,  all  the  curved  bands  above  and 
below  become  parallels  of  latitude,  and  are  thus  brought  into  intelligible 
relation  to  the  motion  of  the  earth;  and  most  of  the  oblique  lines  are 
then  brought  into  the  position  of  meridians  and  the  apparent  obliquity 
in  the  main  disappears. 

Moreover,  if  we  redraw  the  map  and  emphasize  all  the  northeast  and 
southeast  lines,  as  is  done  in  the  original  for  the  supposed  torsion  lines, 
it  becomes  almost  as  good  a  map  to  illustrate  Darwin's  hypothesis  of  a 
tidal  equatorial  drift  of  the  earth  crust  moving  westwardly  more  rapidly 
at  the  equator  than  in  middle  latitudes.^ 

*See  Appendix  to  this  paper  96  for  a  reprint  of  Suess'  article. 

t  Physics  of  the  Earth's  Crust,  1889,  p.  336. 

tSur  lea  similitudes  que  pr^sentent  les  cartes  terrestres  et  plan^tnire  (Torsion  apparent  des 
plandtes  par  W.  Prinz).  Ann.  de  TobMervrttoire  royal  de  Bnixelles,  1891,  p.  304.  See  also  Dana's 
Manual,  p.  .195. 

2  Loc.  cit.,  p.  86. 

XIII— Bull.  Okol.  Soc.  Am.,  Vol.  11.  1899 
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Indeed,  I  have  tried  to  explain  the  great  equatorial  notch  in  the  At- 
lantic coastline  of  the  Americas  and  the  similar  one  in  the  Pacific  coast- 
line of  the  Asia- Australia  mass,  which  prevents  them  taking  the  con- 
densed tetrahedral  shape  of  Eur-Africa,  and  the  great  elongation  of  the 
•  continents  meridionally  as  a  distant  echo  of  this  force. 

The  series  of  oblique  and  curved  feature  lines  in  Mars  and  less  dis- 
tinctly in  Jupiter  and  Venus,  with  the  probability  that  these  planets 
may  still  be  plastic  at  or  near  the  surface,  renders  it  possible  that  the 
similar  lines  on  the  earth  may  have  had  a  similar  origin.  It  must  be 
borne  in  mind,  however,  that  the  mountain  chains  and  great  depressions 
which  are  among  the  important  features  here  considered  are  of  much  later 
date,  a  few  Paleozoic,  the  most  and  most  important  Tertiary. 


FiiiuaB  1.— Prim's  Map  of  main  Sfrueture  Lines  on  the  Earth. 
Showing  the  indications  of  tor.sion. 

I  should  search  for  remains  of  direct  tidal  wrinkles  or  fluidal  struc- 
tures in  pre-Cambrian  rocks,  and  the  structures  in  all  these  areas  should 
be  studied  for  this  purpose.  It  is  quite  generally  true  that  the  prevail 
ing  strikes  in  Archean  beds  are  to  the  northeast  north  of  the  equator  and 
southeast  south  of  the  equator.  Von  Richthofen  cites  the  prevailing 
northwest  strike  in  Shantung  in  China  and  northeastwardly  into  Coreii 
as  an  exception  to  the  rule,  but  there  is  even  here  a  second  pre-Cambrian 
folding  present  with  northeast-southwest  strikes.* 

The  purpose  of  this  section  is  to  show  that  the  cause  adduced  by  Dar 
win,  conjoined  with  the  cause  which  has  produced  the  Mediterranean's 
may  exj)lain  the  constriction  of  the  continents,  especially  Asia-Australi;i 


*  Von  Richthofon  :  China,  vol.  ii,  pp.  22<),  233-236,  244  (1882). 
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and  the  Americas.     These  causes  have  been  antagonistic  to  the  realiza- 
tion of  the  tetrahedral  form. 

Resume 

The  law  of  least  action  demands  that  the  earth  shall  shrink  into  a 
tetrahedral  form,  with  three  continents  tapering  south,  three  oceans 
tapering  north,  a  polar  continent  opposing  a  polar  ocean— an  earth 
whereon  land  shall  be  antipodal  to  water.  The  northern  continents, 
raised  into  a  circle  of  larger  radius,  may  lag  to  west;  the  southern  oceans, 
sunk  into  a  circle  of  lesser  radius,  tend  to  advance  east.  By  this  Green 
explains  the  eastward  shift  of  the  southern  continents.  The  foundering 
of  land  on  the  east  and  its  elevation  on  the  west  of  the  northern  conti- 
nents explains  most  of  this  apparent  displacement. 

The  strain  dependent  on  internal  tides  has  produced  a  zone  of  weak- 
ness in  an  ecliptic  plane  passing  through  the  Mediterraneans.  The  tor- 
sion caused  by  the  tetrahedral  deformation  has,  according  to  Green, 
used  this  plane  of  weakness  as  a  plane  of  twinning  rotation  along  which 
the  above  shifts  have  taken  place  and  along  which  the  Mediterranean 
depression,  mountain-making,  and  vulcanism  have  occurred. 

An  alternate  speculation  suggests  that  the  ecliptic  zone  of  fracture  was, 
when  formed,  the  equatorial  zone  and  more  oblate  than  now,  and  that 
by  decreasing  rotation  and  consequent  sinking  of  the  equatorial  ring 
the  deej)  depressions  of  the  intercontinental  seas  were  formed,  and  the 
mountain  chains  were  made  by  sliding  northward  from  the  more  resist- 
ant central  Archean  masses  of  the  ring,  except  in  Asia,  where  the  moun- 
tain chains  flowed  in  the  southern  direction  because  the  equatorial  ring 
was  deeply  sunk  along  this  oceanic  portion  and  the  tetrahedral  protaxis 
exceptionally  raised  in  this  great  continent.  As  tidal  friction  caused 
decrease  of  the  equatorial  ring,  escape  of  heat  caused  increase  of  the  tetra- 
hedral elevations  and  brought  the  pole  to  its  present  position. 

It  is  of  fanciful  interest  that  in  the  magnificent  pendulum  swing  rep- 
resented by  Crooke's  spiral  arrangement  of  the  elements  according  to 
Mendelejef 's  law* — the  ideal  elemental  section  of  the  earth — the  first  cul- 
mination of  the  oscillation  is  in  the  tetrahedral  carbon  atom,  the  foun- 
dation of  life;  the  second  culmination  is  in  the  tetrahedral  silicon  atom, 
the  center  of  the  architecture  of  the  crust  of  the  earth — two  models  in 
microcosm  of  the  earth  itself.  Naticra  maxima  in  minimis.  The  diamond, 
the  perfect  mineral  coming  out  of  the  sky  in  the  meteorite,  presents 
again  the  most  perfect  model  in  the  rounded  faced  hexatetrahedron  of 
the  form  toward  which  the  earth  has  imperfectly  striven. 

♦Chemical  News,  vol.  Ixxviii,  July  15.  1898. 
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One  is  attracted  by  the  comparison  of  the  Mediterranean  zone  of 
torsion  to  a  plane  of  twinning,  as  if  the  earth  were  a  great  hemitrope, 
and  we  may  recall  that  Dana  compared  the  northeast  and  northwest 
structure  lines  of  the  earth  to  crystalline  cleavage. 

Some  things  are  very  interesting,  even  if  they  are  not  true. 

APPENDIX 
Asymmetry  of  the  Northern  Hemisphere 

BY   E.  SUESS* 

During  the  last  decade  much  new  information  has  been  gathered 
concerning  the  structure  and  distribution  of  the  great  folded  mountain 
chains  of  the  earth.  While  before  this  a  synthesis  of  such  information 
could  have  been  ventured  upon  at  best  for  single  large  areas,  as,  for  ex- 
ample, Europe,  it  is  today  possible  to  recognize,  at  least  in  their  principal 
traits,  the  mutual  relations  of  the  mountain  chains  around  the  whole 
earth. 

The  following  lines  contain  the  essential  result  of  such  an  attempt, 
which  includes  the  whole  northern  hemisphere.  The  quantity  of  the 
material  employed  is,  however,  so  considerable  that  I  must  wholly  abstain 
from  giving  here  the  proofs  of  the  conclusions.  This  and  the  presenta- 
tion of  all  particulars  are  withheld  for  another  occasion. 

I  have  felt  compelled,  at  least  in  the  first  part  of  this  article,  to  omit 
mention  of  any  one  of  the  many  observers  to  whom  I  am  indebted  for 
instruction  and  to  whom,  if  these  comparative  studies  be  found  to  have 
value,  the  merit  alone  belongs ;  for  on  one  side  stands  the  labor,  the 
privation,  often  the  danger,  and  almost  always  the  giving  up  of  the  best 
years  of  one's  life,  and  on  the  other  only  the  gathering  of  the  fruits. 

I. 

From  the  present  position  of  the  observations,  so  far  as  I  have  been  able 
to  master  thera,  the  following  distribution  of  the  axial  lines  (Leitlinien  = 
guide  lines  =  axial  lines  of  the  mountain  chains)  seems  to  result: 

1.  The  peninsula  Kanin,  with  the  Timan  mountains ;  Nova  Zembla 
and  Waigatsch ;  the  Ural,  with  the  Mugodja,  form  a  natural  group  of 

♦  Sitz.  Ber.  k.  Akad.  d.  Wi«H.  in  Wien,  Bd.  cvii,  Ab.  1,  Apr.,  1808. 

Note.— 1  liavo  translated,  and  by  thtj  kind  permission  of  the  aiitiior  reprint  here,  the  int-eresting 
article  Heveral  times  referred  t<»  in  the  preceding  pages.  It  ia  an  intercHting  indication  tliai  thej-o 
thoughts  are  '*  in  the  air  "  that  the  part  of  my  paper  concerning  the  mountains  of  Europe  and  \^u 
was  written  before  I  ha«l  knowledge  of  this  paper,  and  that  a  large  .share  of  the  pap<jr  was  written 
before  I  came  on  the  lecture  of  Doctor  Gregory,  which  I  have  Uf*(Ml  freely,  while  the  intere«»tiiij? 
life  of  Green  and  abstract  of  his  theory,  by  Professor  Hitchcock  (.\merieaa  Geologist,  vol.  xxt, 
1900,  page  1),  I  received,  by  the  kindness  of  its  author,  since  this  paper  was  read.--B.  K.  Emxsbon, 
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mountain  chains  whose  most  southern  visible  point  is  represented  by 
the  isolated  outcrops  of  ancient  rocks  between  the  Caspian  and  the  Aral, 
in  46°  3(y,  on  the  river  Tschegan. 

The  Ural  mountain  chains  are  followed  in  western  Siberia  by  a  broad 
zone  of  folds  which  strike  northeast.  One  of  these  chains  causes  the  bend 
of  the  Ischim.  They  extend  across  the  Kirgis  steppe  toward  fiajan  Aul 
and  Karkaralinsk,  disappear  beneath  the  plains,  and  appear  again  by 
Kolywan.  Thence  they  extend  farther  northeast,  cross  the  Ob  and  the 
Tom  obliquely,  and  abut  against  the  Salair  chain  and  coal  basin  of  Kus- 
netzk,  and  reach  the  Alatau  of  Kusnetzk.    We  name  them  the  Kirgis  folds. 

The  mutual  relations  of  the  Ural  and  the  Kirgis  folds  are  not  clearly 
recognizable.  One  sees,  however,  that  the  two  combined  form  the  most 
important  part  of  the  boundary  of  the  west  Siberian  plain — that  is,  the 
region  of  the  Ob.  In  the  extreme  north  of  Siberia  the  traces  of  a  little 
known  chain  extend  right  across  the  Taimyr  and  reach  the  Arctic  in 
cape  Tscheljuskin.    This  is  the  Tamyr  chain  (Bogen). 

A  still  larger  chain  begins  with  east-west  strike  at  the  mouth  of  the 
Olenek.  It  goes  straight  through  the  delta  of  the  Lena,  turns  southeast, 
under  the  name  Chara  Ulach  forms  the  Werchojan  mountains,  and  finds 
ita  continuation  in  the  range  north  of  the  Ochota,  generally  called  North 
Stanowoj  on  our  maps. 

The  chain  completes  a  new  bend,  which  is  like  that  between  the  Lena 
delta  and  Chara  Ulach.  Its  principal  branch  reaches  in  this  way  the 
watershed  of  the  Anadyr,  the  cape  of  the  Tschuktschis,  and  the  Saint 
Lawrence  island.     This  is  the  Werchojan  chain. 

No  connection  with  the  American  side  is  known.* 

The  breaking  up  of  the  ranges  (die  Zertriimmerung  des  Geberges)  in 
Bering  sea  and  the  covering  of  western  Alaska  by  Tertiary  sediments 

•Professor  Stiess  tells  rne  that  "a  paper  sinoo  piihli»hed  by  Ruron  K.  Toll,  of  Dorpal,  perhaps 
►•rings  tho  clue  to  the  difficult  question  of  the  relation  of  the  Alaskan  Sierra  to  the  Siberian  moun- 
tains." In  this  paper  (Otsherk  Geologij  Novo-Siberikij  Ostrowonj.  Mem.  Acad.  Saint  Petor.Mburg, 
l«9(i,  viii  ser.,  vol.  ix,  no.  1)  Baron  Toll  gives  a  geological  sketch  map  of  the  western  part  of  the 
Merohojana  curved  chain,  and  pronounces  his  conviction  that  'Hhe  structure  of  this  mountain 
ohain  is  concave — that  is,  that  the  rooks  are  folded  against  the  interior  of  the  curve." 

Profewor  Suess  is  of  opinion  that  "in  this  case  these  mountains  might  indeed  be  regarded  as 
(lie  trne  continuation  of  the  Alaskan  Sierra,  both  being  equally  folded  toward  the  north,  and  the 
i'Avae  chain  would  then  appear  continued  across  Bering  sea  along  the  right  side  of  the  lower  Lena 
u>the  mouth  of  the  Olenek,  gradually  diminishing  toward  this  point." 

)fy  own  observations  would  agree  better  with  the  earlier  conclusion  of  Professor  Suess  in  the 
^•o^iy  of  the  paper. 

Touching  at  Plover  bay  and  coasting  along  to  Indian  point,  on  the  mainland  of  Siberia,  opposite 
!^»int  Lawrence  island,  I  saw  only  mountains  of  granitoid  rocks  of  light  and  dark  color,  and  found 
f»oiilder»  of  the  same  and  of  crystalline  limestone  on  Saint  Lawrem-e  island. 

At  Port  CUrence,on  the  Alaskan  mainland  opposite  to  the  northeast  and  almost  in  Bering  strait, 
1  found  only  the  cleaved  fossiliferous  slates  of  the  Yakut^it  furmutiou,  probably  of  Tria.><sic  age, 
while  the  gneisKoid  axis  of  the  Alaskan  Sierra  seems  to  trend  southwest  from  the  Tanana  hills  to 
meet  the  sea  far  south^of  the  delta  of  the  Yukon.    (B.  K.  E.) 
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make  the  comparison  difficult.  In  the  interior  of  Alaska,  however,  con- 
ditions of  a  wholly  different  kind  appear.  A  great  gneiss  chain  extends 
nearly  from  west  to  east  about  in  the  direction  of  the  Xanana  river,  north 
and  south  of  the  sixty-fourth  parallel  and  in  the  chord  of  the  arc  of  the 
Yukon.  It  turns  then  east-southeast  and  southeast,  and  forms  the  water- 
shed between  the  Pelly  and  the  Lewes,  follows  the  course  of  the  Findlay, 
and  is  considered  as  the  continuation,  perhaps  locally  interrupted,  of  the 
Caribou  region  and  the  Golden  ranges  in  British  Columbia.  Associated 
with  this  chain,  especially  along  its  northern  border,  are  ancient  sedi- 
ments altered  by  jiressure,  which  are  the  source  of  the  gold  of  Alaska. 

This  is  followed,  far  to  the  northeast  and  east,  by  the  zone  of  great  fault- 
blocks,  which  is  here  called  the  Rocky  mountains. 

Its  outer  border  extends  from  the  mouth  of  the  Mackenzie  down  to 
Wyoming.  In  other  words,  there  is  in  British  Columbia  an  extensive 
one-sided  chain,  folded  and  overthrust  toward  the  east,  whose  western  part 
is  formed  by  the  Golden  ranges  (Selkirk,  etcetera).  This  chain,  which  in 
British  Columbia  strikes  north-northwest,  bends  around  so  that  in  mid- 
dle Alaska  it  strikes  east-west  and  is  there  folded  toward  the  north.  On 
the  west  the  ancient  granite  and  gneiss  do  not  reach  the  lower  Yukon, 
but  the  gold-bearing  rocks  outcrop  in  low  hills  in  about  65  degrees  north 
on  the  lower  course  of  the  river. 

This  range  is  therefore  wholly  foreign  to  the  Werchojan  range.  On 
the  other  hand,  there  appears  on  the  west  coast  of  British  Columbia  a 
very  thick  belt  of  granite,  often  accompanied  on  its  west  side  by  vol- 
canic occurrences.  It  forms  the  Coast  ranges  which  pass  in  a  course  to 
the  north  of  Mount  Saint  Elias,  and  in  all  probability  meets  in  union 
(in  Schaarung)  with  the  curve  of  the  Aleutians. 

The  curve  of  the  Aleutians  is  the  last  toward  the  east  which  shows  the 
typical  form  of  the  inland  curve.  The  Commanders  islands  differ  some- 
what in  their  composition  from  the  Aleutian,  so  that  the  contact  with 
Kamschatka  is  doubtful.  The  Tertiary  beds,  partially  marine,  which  are 
extensively  developed  on  the  lower  Yukon  and  in  the  Aleutians,  prob- 
ably also  form  the  Karagin  island.  They  are  also  met  in  the  gulf  of 
Penschin  and  perhaps  underlie  the  tundra  which  separates  Kamschatka 
from  the  Werchojan  curve. 

All  the  above  named  mountain  chains  from  the  Kanin  peninsula  on 
to  Bering  sea,  stand  in  contrast  to  the  Eur-Asiatic  folds,  as  wholly  foreign 
to  them  or  at  least  as  not  fitting  into  the  general  plan  which  controls 
them.  All  are  folded  toward  the  west,  south,  or  east  and  open  toward 
the  pole.  They  have  no  efjuivulents  in  North  America  except,  perliaps, 
the  Coast  ranges.  Horizontal  Paleozoic  tablelands  extend  over  the  Arctic 
archipelago  of  North  America. 
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2.  The  Baikal  and  the  region  of  the  Angara  are  surrounded  by  a  great 
howeshoe-shaped  zone  of  ancient  faulted  rocks.  It  reaches  northeast  to 
the  junction  of  the  great  Paton  and  the  Tjena  (60  degrees  northeast),  and 
here  the-  folds  strike  southwest.  On  the  other  side  they  can  be  followed 
northwest  to  a  point  below  the  entrance  of  the  stony  Tunguska  in  the 
Jenissei.  Here  the  strike  is  southeast,  and  the  same  strike  has  been  fol- 
lovred  along  the  Jenissei  in  single  occurrences  even  as  far  as  68  degrees 
north  latitude. 

This  great  amphitheater  is  also  open  toward  the  north.  It  surrounds 
tlie  north  Siberian  plain.  The  Lena  flows  along  its  border  in  flat  lying 
Paleozoic  strata  which  in  places  extend  down  to  the  Cambrian.  The 
amphitheater  is  for  the  most  part,  at  least,  older  than  Cambrian. 

A  fault  which  runs  along  the  right  bank  of  the  Jenissei  from  the  region 
north  of  Krasnojarsk  to  near  the  mouth  of  the  Stony  Tunguska  bounds 
these  rocks  on  the  west.  A  second  fault,  probably  pre-Cambrian,  lies  in 
the  interior  of  the  amphitheater  not  far  west  of  the  west  shore  of  lake 
Baikal.  Eastwardly  the  old  rocks  extend  to  the  Jablonnoi,  which  is  a 
fault  or  flexure  and  not  a  folded  chain. 

These  three  lines  of  sinking,  on  the  Jenissei,  west  of  Baikal,  and  on 
the  Jablonnoi,  give  this  region  of  ancient  rocks  more  or  less  the  charac- 
ter of  a  horst.  On  the  south,  however,  one  can  not  separate  it  from 
folded  chains  in  which  fossiliferous  Paleozoic  sediments  find  place.  It 
\s  e8{>ecially  clear  that  east  Sajan  must  be  wholly  separated  from  west 
Sajan,  and  that  the  latter  continues  west,  retaining  its  original  direction, 
crosses  the  Jenissei  above  Krasnojarsk,  and  finally  ends  west  of  the 
same. 

Ergik-targak  is  the  name  of  the  east  Sajan,  and  we  will  use  this  name 
for  the  whole  folded  chain  extending  beyond  Krasnojarsk.  It  appears 
not  to  be  sharply  separated  from  the  amphitheater  of  ancient  rocks  in 
an  orographic  sense,  although  near  Krasnojarsk  lower  Devonian  beds 
are  involved  in  its  folds. 

The  old  rocks  between  the  fault  on  the  Jenissei  and  Jablonnoi  by 
Tschita  form  the  center  of  all  that  great  series  of  curved  chains  which, 
with  manifold  deviations  and  confusions,  but  yet  on  the  whole  under 
homologous  arrangement,  reach  from  Saghalin  to  Java  and  on  to  the 
Himalaya  and  the  Persian  gulf.  While  they  form  the  middle,  it  is  not 
yei  asserted  that  they  form  the  point  of  origin  of  these  chains.  As  far 
as  we  can  gather  from  single  data,  there  appears  to  be,  toward  the  mid- 
dle of  this  great  central  mass,  rather  a  tendency  toward  a  sort  of  back- 
ward folding  of  the  rocks  toward  this  center,  which  farther  outward  is 
gradually  replaced  by  an  outward  folding,  which  finally  leads  to  the 
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overfaulted  sheets  (Deckschollen)  in  the  inner  chains  of  the  Himalaya 
and  to  the  great  overth  rusts  of  its  southern  border. 

The  structure  of  the  Eur- Asiatic  folds,  in  so  far  as  its  Asiatic  portion 
is  concerned,  depends  therefore  on  a  plan  which  was  marked  out  in  pre- 
Cambrian  time,  whose  development,  however,  extends  in  many  parts  up 
into  the  later  Tertiary  and  is  probably  not  yet  concluded.  Its  most 
essential  source  of  confusion  comes  from  the  intercalation  of  the  ancient 
Sinian  table  and  in  a  meridional  disturbance  near  Sailughuem. 

3.  The  branches  of  the  Tian-shan  abut  at  first  on  the  transversely 
striking  Kirgis  folds.  North  of  Karkaralinsk  the  two  opposing  direc- 
tions join,  and  not  until  a  point  is  reached  south  of  the  southernmost 
prolongation  of  the  Ural  folds  do  these  branches  obtain  free  development 
and  extend  westward  in  continuity  with  the  folded  chains  of  central 
Europe.  The  change  t.o  northward  of  the  folding  force  characteristic  of 
middle  and  western  Europe  occurs  at  the  same  time.  This  phenomenon 
is  also  of  great  age,  as  the  pre-Devonian  Caledonian  folds  prove.  The 
arrangement  of  the  middle  European  folds,  however,  from  the  gneisses 
of  the  Hebrides  on  to  the  border  of  the  Alps,  shows  an  indubitable 
shrinking  of  the  folding  into  a  narrower  space  surrounded  by  horsts, 
though  made  less  striking  by  posthumous  (that  is,  later)  motions. 

The  succession  of  the  Hebridian,  Caledonian,  Armorican-Variscan  and 
Alpine  folds  is  in  general  uniform,  and  is  at  the  same  time,  to  a  certain 
degree,  the  opposite  of  the  order  in  Asia,  where  not  only  at  many  places 
in  the  interior,  but  also  almost  all  around  the  periphery  new  folds  ap- 
pear, as  if  there  were  still  a  tendency  toward  their  extension.  For  this 
reason  Europe  appears  in  still  higher  degree  as  an  appendage  or  lateral 
extension  of  eastern  Eurasia. 

In  relation  to  the  Norwegian  mountain  region,  the  opinions  of  local 
investigators  are  still  so  divergent  that  reserve  is  necessary  for  this 
region. 

It  must  be  further  remarked  that  along  the  lines  of  junction  that  ex- 
tend from  the  Thian-shan,  and  especially  from  the  Hindoo  Koosh  to  the 
European  mountains,  recent  movements  reaching  high  up  into  the 
Tertiary  are  common,  and  the  question  is  not  yet  answered  whether  also 
at  the  time  of  the  Caledonian  folds  a  connection  with  Asia  existed  in  the 
same  region  south  of  the  Urals. 

It  is  plain,  at  all  events,  that  the  lithologic  character  of  the  Caledo- 
nian outcrops  of  gneiss  is  related  to  that  of  the  Hebridian  foreland. 
Further,  that  the  older  masses  that  emerge  from  the  folds  of  the  Ardennes 
possess  the  characteristics  of  the  Caledonian  discordance,  and  that  in 
the  same  way  in  the  zone  of  Mont  Blanc  and  in  the  Carinthian  Alps  the 
Variscan  type  is  visible  beneath  the  Alpine  folds. 
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The  relations  of  the  European  mountain  chains  to  the  Atlantic  ocean 
are  as  follows :  «- .    :  :  • 

a.  The  chain  of  the  western  Mediterranean  bends  back  by  Gibraltar^ 
so  that  a  continuation  of  the  same  into  the  ocean  can  not  be  assumed. 
Such  continuation  would  be  only  supposable  for  the  great  Atlas  north  of 
Wady  Draa. 

6.  The  folds  which  form  the  Spanish  Meseta  also  betray,  in  the  Astu- 
rian  basin,  that  they  are  bent  back  on  themselves ;  here  also  a  continu- 
ation for  a  long  distance  west  can  not  be  assumed. 

c.  In  relation  to  the  possible  continuation  of  tfie  Pyrenees  I  do  not 
venture  to  express  a  suspicion,  in  spite  of  new  and  excellent  investiga- 
tions. 

d.  The  Armorican  folds  from  La  Rochelle  to  near  the  Shannon,  wholly 
in  contrast  to  Gibraltar  and  the  Meseta,  run  out  into  the  sea  as  Has  coasts 
in  such  a  way  that  their  former  continuation  into  the  region  which  is 
today  covered  by  the  ocean  is  in  the  highest  degree  probable.  In  fact, 
the  whole  visible  Armorican  region  is  only  the  east  end  of  a  great  and 
broad  curve,  convex  toward  the  north.  It  occurred  for  the  most  part 
between  middle  and  upper  Carboniferous,  but  has  since  experienced 
later  ("  posthumous  ")  movements.  It  consists  of  several  curved  folds, 
one  behind  the  other. 

«.  The  pre-Devonian  Caledonian  folds,  which  strike  southwest,  have 
such  a  position  in  the  north  and  west  of  Ireland  that  their  outer  border 
may  meet  the  Armorican  lines  not  very  far  west  of  the  mouth  of  the 
Shannon,  perhaps  to  disappear  under  them,  as  the  more  easterly  folds 
of  the  same  chain  disappear,  or,  as  in  Moravia,  the  Variscan  folds  sink 
under  those  of  the  Carpathians. 

/.  Lewis  and  the  western  Hebrides,  together  with  a  small  part  of  the 
peninsula  of  western  Scotland,  form  the  foreland  of  the  Caledonian  folds, 
and  are  simply  the  eastern  border  of  a  great  Archean  region  which  is 
now  covered  by  the  sea  and  from  which  the  significant  quantity  of  clastic 
sediments  was  derived  which  has  caused  the  great  thickness  of  the  old 
Paleozoic  deposits  in  Wales  and  bordering  regions. 

The  Hebridian  gneiss  had  certainly  a  greater  western  extension,  as  has 
often  been  asserted  by  leading  British  geologists. 

From  these  facts  the  following  tentative  result  is  reached  concerning 
the  relation  of  Europe  to  America  and  concerning  the  character  of 
the  Atlantic  region ;  that  the  coast  tracts,  a  (Gibraltar)  and  b  (Meseta, 
Asturian  folds)  do  not  permit  the  assumption  that  their  structure  con- 
tinues far  westward ;  that  c  (Pyrenees)  and  d  (Caledonian  folds)  are  un- 
certain; tha^,  on  the  other  hand,  d  (Armorican  folds)  and  /  (Hebrides) 
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app^^  to**j3e  tlfe  eastern  ends  or  borders  of  regions  which  are  covered  by 

.  ithiB  series  of  surmises  leads  to  the  conclusion  that  under  the  north 
Atlantic  there  is  on  the  north  a  broad  Archean  region  and  south  of  the 
same  a  curved  chain  folded  toward  the  north,  in  which  the  Upper  Car- 
boniferous rests  in  discordance  on  older  eroded  folds. 

4.  It  is  a  very  remarkable  fact  that  the  east  coast  of  North  America 
actually  corresponds  to  these  surmises.  There  appear  here,  in  fact,  with 
the  exception  of  some  possible  Caledonian  tracts,  only  two  tectonic  ele- 
ments which  show  the  essential  characteristics  of  d  and  /.  They  are 
separated  by  Belle  Isle  straits  and  the  lower  course  of  the  Saint  Lawrence 
river.  To  the  north  lies  the  broad  Laurentian  Archean  mass — the  Cana- 
dian shield — and  probably  extends  broadly  toward  the  pole  beneath  the 
horizontal  Paleozoic  sediments  of  the  Arctic  American  archipelago;  also 
extending  across  to  Greenland.  South  of  the  same,  in  the  rias  coasts  of 
Newfoundland,  Nova  Scotia,  and  New  Brunswick,  appears  a  region  of 
folded  rocks  with  discordant  transgressing  Upper  Carboniferous,  which 
is  as  plainly  the  western  continuation  of  a  great  folded  chain  as  in 
Europe  the  Armorican  ridges  are  the  east  end  of  such  a  chain.  The 
Appalachians  extend  southwest  as  the  continuation  of  this  chain.  New 
observations  teach  us,  however,  that  this  chain,  which  is  folded  toward 
the  northwest,  does  not  end  where  it  was  supposed  to,  but  makes  a  con- 
cave bend  in  the  strike  from  southwest  to  west,  and  at  the  same  time 
shows  strong  overthrusts.  These  overthrusts  are  directed  toward  the 
concavity  of  the  curve,  an  occurrence  which  is  nowhere  known  in  Europe 
or  Asia,  at  least  in  anything  like  so  large  a  scale.  The  occurrences  on  the 
concave  section  of  the  curve  extending  from  the  Alps  to  the  Carpathians 
near  Vienna  are  too  small  for  comparison. 

The  western-striking  continuation  of  the  Appalachians  reaches  the 
flat  land  of  the  Mississippi  and  disappears,  but  the  new  investigations 
in  Arkansas,  in  Texas,  and  the  bordering  Indian  Territory  show  that 
the  continuation  of  the  Appalachian  folds  appears  again  on  the  west  side 
of  the  depression  of  the  Mississippi  in  the  Ouachita  mounting,  which 
extend  nearly  to  the  one  hundredth  meridian  as  a  long  tongue  broken 
into  many  separate  folds. 

The  contrast  to  the  recognized  arrangement  of  the  curves  in  Eurasia 
appears  still  more  clearly  here,  since  the  foreland  is  surrounded  by  the 
folds  in  a  concave  line.     Nothing  similar  to  this  is  seen  in  Europe  or  Asia. 

The  fact  has  been  established  in  late  years  that  the  Sierra  Madre.  which 
consists  of  granite  and  Archean  rocks,  following  the  west  coast  of  Mexico, 
continues  across  the  gulf  of  Tehuantepec,  and  by  a  bend  to  the  east 
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passes  over  into  the  chain  which  extends  across  G  uatemala  to  the  Amatian 
gulf.  The  Sierm  Madre  has  therefore  a  concave  structure  similar  to  the 
southern  part  of  the  Appalachians.  This  changes  the  descriptions  we 
have  formerly  given  of  northern  Central  America.  The  whole  Mexican 
gulf  and  the  Cambrian  area  of  Austin  (Texas)  find  place  between  the 
two  concave  chains. 

New  questions  arise  now  beside  the  old  ones,  concerning  the  wholly 
peculiar  build  of  the  Rocky  mountains  in  the  narrower  sense  (Colorado 
Front  range,  etcetera)  and  their  backward  bent  ranges,  concerning  whose 
answer  I  should  not  now  wish  to  venture  a  surmise.  It  is  certain  that 
north  of  these  chains  in  the  eastern  ))art  of  the  mountains  in  Wyoming 
movement  and  folding  to  the  northeast  occur,  and  north-north  east  in 
Montana,  in  45  to  46  degrees  north  latitude,  repeated  overthrusts  to  the 
east.  In  the  same  way  the  Cordillera  in  Canada,  as  already  noted,  is 
remarkable  for  its  extraordinary  overthrusts  to  the  east.  The  Laurentian 
mass  is  thus  bordered  by  chains  on  the  east,  south,  and  west,  and  the 
folding  motion  is  everywhere  directed  inwardly — that  is,  to  the  west, 
north,  and  east. 

Now  one  understands  better  the  fact,  often  mentioned  before,  that  in 
Asia  the  folding  is  to  east,  south,  and  west ;  in  Europe  to  east,  north,  and 
west.  It  is  because  the  European  chains  form  the  transition  from  the 
Asiatic  to  the  American  structure. 


IL 

While  I  again  reserve  for  another  place  the  thankful  mention  of  the 
observers  who  have  been  my  teachers  and  the  enumeration  of  the  details, 
especially  of  the  stnicture  of  Asia,  some  of  the  deductions  which  flow 
from  the  observations  may  be  here  mentioned. 

First,  the  very  apparent  con tnvst  between  Eurasia  and  North  America. 
The  first  region  shows  an  outflow  of  the  folds,  or  a  motion  outwardly, 
and  the  second,  with  possible  exception  of  the  Coast  ranges,  an  inflow 
or  motion  inwardly. 

Strictly  speaking,  there  is  nothing  new  in  this.  Many  of  the  most 
important  students  of  Asia,  like  Semenow,  F.  v.  Richthofen,  Griesbach, 
Edm.  Naumann,  have  each,  according  to  his  standpoint,  recognized  at 
times  the  step-like  sinking  of  the  whole  of  eastern  Asia  on  Jablonnoi,  on 
the  great  Kingan,  and  on  the  coastlines,  at  times  a  southward  motion  of 
the  whole  mass,  or  an  elevated  calotte  with  peripheral  faults ;  but  the  con- 
ception of  a  great  unity  of  structure  always  appears,  and  often  also  that 
of  a  more  or  less  concentric  arrangement,  or  a  mass-motion  outwardly. 
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In  North  America  the  opposite  ideas  have  developed.  Dana,  Leconte, 
Dutton,  and  other  important  students  have  espoused  different  modifica- 
tions of  the  theory  that  mountain  chains  are  formed  by  the  sinking  of 
the  oceans — that  is,  that  they  have,  as  if  by  a  force  from  without,  been 
joined  to  or  thrust  against  the  old  preexistent  nucleus  of  stable  land  (in 
this  case  the  Lauren tian  mass).  The  theory  of  isostacy  has  developed 
itself  from  this  position,  namely,  the  view  that  the  heavier  loading  of 
the  surface  by  sediments  produces  sinking  and  a  complementary  eleva- 
tion in  some  other  place. 

In  these  contrasts  of  the  general  conceptions  of  the  nature  of  the  con- 
tinents and  their  relation  to  the  seas  which  have  arisen  from  the  obser- 
vation of  nature,  on  the  one  hand  in  Asia  and  on  the  other  in  America, 
is  reflected  a  complete  contrast  of  structure;  and  since  the  American 
views  are  based  on  the  particular  build  of  the  North  American  continent 
they  have  not  received  the  same  degree  of  recognition  in  Europe. 

But  this  is  not  the  only  contrast  which  can  be  gathered  from  former 
writings.  As  early  as  1887,  also,  Marcel  Bertrand  drew  a  line  of  junc- 
tion from  the  Armorican  folds  right  across  the  ocean  to  Newfoundland.* 
This  means,  in  other  words,  that  these  chains  which  were  folded  up  be- 
fore the  close  of  the  Carboniferous  are  continued  westerly,  either  directly 
or  by  the  junction  of  independent  ranges  now  sunk  beneath  the  Atlantic ; 
appear  again  with  similar  structure  on  the  northeast  coast  of  America, 
then  make  a  concave  bend  and  end  at  last  in  the  Ouachita  mountains. 
It  follows  further  from  this  that  the  north  Atlantic  is  younger  than  thit? 
range.  This  agrees  with  other  observations.  It  is  more  diflBcult  to  under- 
stand the  role  of  the  much  older  Pacific  ocean.  One  sees  in  Asia  chain 
behind  chain.  Often  two  or  more  chains  joining  at  acute  angles  are 
spanned  by  a  single  larger  curve,  as  in  Asia  Minor  and  in  Iran.  The 
Burman  curve  becomes  very  large. 

One  can  imagine  that  the  great  curves,  finally  meeting  a  hindrance, 
transformed  themselves  into  long  lines  that  at  last  became  concave  like 
the  Appalachians  and  the  Sierra  Madre.  Such  an  idea  assumes  that  the 
original  outlining  of  the  west  American  Cordillera  is  older  than  the 
Pacific ;  that  the  northern  coast  ranges  with  their  long  granite  chains, 
which  do  not  reach  back  before  the  Mesozoic  time,  and  with  their  very 
late  movements,  are  a  later  interposition,  and  that  the  Cretaceous  over- 
thrusts  of  the  northeast  Cordillera  are  caused  by  later  ("  posthumous  ") 
movements. 


♦  Bull.  Soc.  Geol.,  2<i  j»er.,  vol.  xt,  p.  442. 
M  Marcel  Bertrand  goen  still  further  and  unites  the  Green  mountains  with  the  Caledonian 
zone.    They  represicnt,  in  fttct,  folds  that  are  older  than  the  .Armorican  diBcordance. 
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The  further  consideration  of  this  question  may  be  held  in  reserve  until 
the  southern  hemisphere  can  be  brought  into  consideration.  This  much 
is  already  clearly  recognizable  :  That  the  contrast  between  the  structure 
of  the  northern  part  of  America  and  of  eastern  Asia  betrays  a  lateral 
asymmetry  of  this  hemisphere  reaching  back  into  the  Cambrian  time. 
We  should  not  say  an  original  asymmetry,  for  the  Laurentian  rocks  were 
also  folded,  and  that  in  pre-Cambrian  time.  The  direction  of  these  folds 
seems  to  have  been  a  wholly  independent  one,  but  their  strike  is  known 
in  only  a  relatively  small  part  of  the  broad  region. 

One  is  inclined  to  suspect  that  the  formation  of  the  curved  chains  in 
Asia,  open  toward  the  north,  stands  in  some  connection  or  other  with  the 
outflow  of  superfluous  earth-mass  from  the  pole — that  is,  with  a  flatten- 
ing of  the  same.  One  can  also  recognize  a  certain  resemblance  between 
these  curved  chains  and  the  course  of  the  moraines,  and  also  the  forms 
of  the  glacier  lobes  which  Chamberlin  draws  across  the  east  of  the 
United  States.  We  shall  have  at  a  later  time  to  investigate  whether 
curved  chains  directed  toward  the  north  are  present  in  the  southern 
hemisphere,  but  already  the  influence  of  the  Laurentian  mass  (with 
Greenland  and  a  portion  of  the  polar  land)  appears  plainly  enough. 

More  striking  than  any  connection  with  the  pole  of  rotation  appears 
a  certain  relation  to  the  magnetic  pole  which  lies  in  the  midst  of  the  zone 
of  inflow.  In  fact,  the  distribution  of  the  guiding  lines  (Leitlinien  =  axial 
lines  of  the  mountain  chains)  seems  to  favor  a  connection  between  the 
mountain-forming  force  and  terrestrial  magnetism,  as  suspected  by  Edm. 
Xaumann  and  other  investigators,  and  that  in  the  sense  that  the  latter 
i.s  the  result  of  the  former,  a  result  influenced  also  by  other  causes. 

It  now  appears  also  that  the  separation  of  the  movements  into  tangen- 
tial (folding)  and  vertical  (sinking)  motions  must  be  much  more  sharply 
held  than  before.  The  relation  of  the  Atlantic  ocean,  which  is  younger 
than  those  chains,  to  these  latter  makes  this  clear.  The  acute  compar- 
ison drawn  a  long  time  ago,  especially  by  Reyer,  between  mountain 
folding  and  fluid  motion  was  justly  objected  to  because  a  fall  for  such  a 
fluid  motion  was  not  recognizable.  As  soon  as  we  are  able  to  oversee 
the  whole  hemisphere  and  distinguish  a  region  of  outflow  and  one  of 
inflow,  this  question  also  gains  a  new  importance. 

In  relation  to  the  often -discussed  question  of  the  permanence  of  the 
continents  and  the  oceans,  we  recognize  the  following :  individual  folded 
chains  are  dislocated  and  broken  up  in  horsts,  and  later  folds  heap  them- 
selves up  against  the  horsts.  At  the  same  time  the  location  of  the  region 
of  outflow  and  the  region  of  inflow,  as  well  as  the  arrangement  of  the 
superficial  tensions  which  find  expression  in  the  guide  lines  of  the  folds, 
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has  remained  the  same  in  its  principal  features  throughout  the  northern 
hemisphere  since  the  Cambrian  time — ^that  is,  since  the  existence  of  the 
oldest  known  traces  of  organic  life  to  the  present  day.  A  similar  d^ree 
of  permanence,  however,  does  not  belong  to  the  oceans.  During  this 
time  new  oceans  have  been  formed  by  sinking,  whose  succession  in  time 
expresses  itself  in  the  transgressions.  Other  oceans  have  disappeared, 
partly  as  a  result  of  the  new  depressions  themselves  and  partly  by  the 
heaping  up  of  new  folded  chains  according  to  the  old  plan. 

So  do  the  boundaries  of  the  continents  and  the  seas  change,  despite 
the  constancy  of  the  plan  of  the  axial  lines. 
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Introduction 


The  original  Huronian  area,  as  mapped  by  Logan  and  his  assistant, 
Murray,  lies  within  the  province  of  Ontario,  which  contains  also  its  north- 
eastern extension  toward  lake  Temiscaming  and  several  other  large  and 
important  tracts  which  have  been  mapped  with  more  or  less  certainty 
as  Huronian  by  Canadian  geologists  since  Logan's  time.  As  these  rocks 
contain  the  most  promising  ore  deposits  of  the  province,  they  naturally 
attract  much  attention  from  prospectors  and  geologists,  and  the  problems 
connected  with  their  formation  and  relationships  have  an  economic  as 
well  as  a  purely  scientific  interest.  The  question  as  to  what  areas  are 
really  Huronian,  and  as  to  the  relative  age  of  the  diflFerent  areas  mapped 
as  Huronian,  diflFering  as  they  often  do  in  striking  ways  from  the  rocks  of 
the  original  region,  is  one  requiring  solution  if  the  pre-Cambrian  geology 
of  the  province  is  to  be  placed  on  an  assured  basis.  During  the  past 
euramer  an  examination  of  the  newly  discovered  iron  region  in  the  Hu- 
ronian district  northeast  of  lake  Superior  for  the  Bureau  of  Mines  of 
Ontario  has  provided  a  set  of  facts  which  appear  to  throw  new  light  on 
the  subject. 

Ferriferous  Sandstones,  Cherts,  and  Jaspers 

For  a  number  of  years  iron  ore  has  been  known  to  exist  at  little  Gros 
Cap,  on  Michipicoton  bay,  but  the  finding  of  important  deposits  of  high- 
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grade  brown  hematite  north  of  Wawa  lake,  some  miles  inland,  has  aroused 
fresh  interest  in  the  region,  and  has  resulted  in  the  tracing  up  for  many 
miles  of  a  band  of  silicious  rock  interleaved  with  thin  sheets  of  iron  ore, 
in  many  respects  much  like  the  famous  iron  ranges  of  Michigan  and 
Minnesota.  The  rock  has  generally  the  aspect  of  a  sandstone,  but  thin 
sections  prove  that  it  is  not  an  ordinary  sandstone,  in  spite  of  the  fact 
that  many  parts  of  it  crumble  to  fine  grains  under  the  fingers ;  for  the 
grains  of  quartz  have  polygonal  forms  that  meet  in  planes,  but  are  only 
loosely,  if  at  all,  cemented.  The  grains  are  often  six-sided,  and  in  thick 
sections  show  a  rough  dodecahedral  shape,  the  result  probably  of  growth 
outward  from  numerous  nearly  equidistant  centers  until  the  grains  met, 
just  as  spheres  crushed  together  tend  to  take  on  a  dodecahedral  form  * 

The  usual  variety  resembling  sandstone  sometimes  passes  into  a  rock 
like  chert  or  in  other  cases  jasper,  and  occasionally  takes  the  appearance 
of  quartzite.  In  many  parts  of  the  range  the  interbanded  sandstone  and 
magnetite  or  hematite  are  more  or  less  brecciated,  and  have  undoubtedly 
undei^one  great  folding  and  crushing.  The  band  now  stands  nearly 
vertical  in  most  regions  to  which  it  has  been  followed. 

This  band  of  rock  is  usually  thin,  not  more  than  a  few  hundred  yards 
in  width,  and  there  are  numerous  interruptions  in  its  outcrop,  due  prob- 
ably to  weathering,  for  the  sandstone  variety  is  so  fragile  that  in  river 
valleys  it  has  been  cut  down  faster  than  other  rocks  and  is  often  lost  to 
sight  under  the  thick  drift  deposits  of  the  region.  This  probably  ac- 
counts for  the  fact  that  it  was  overlooked  until  last  summer,  since  the 
region  is  without  roads  and  hitherto  had  been  explored  almost  entirely 
with  canoes. 

The  cherty  and  jaspery  varieties,  however,  stand  weathering  excel- 
lently and  form  ranges  of  hills  easily  followed.  The  ore  bodies  fouml 
associated  with  the  sandstone  are  of  considerable  variety,  magnetite  of 
low  grade  being  commonest,  though  soft  red  hematite  and  hard  and  soft 
limonite  occur  also,  the  latter,  in  the  case  of  the  Helen  mine,  amounting: 
to  hundreds  of  thousands  of  tons  of  exceptionally  pure  ore.  None  of  the 
deposits  have  yet  been  sufficiently  explored  to  determine  their  extent. 

It  is  almost  certain  that  this  band  of  silicious  rock  charged  with  iron 
ore  is  of  sedimentary  origin,  although  perhaps  not  clastic,  but  rather 
deposited  chemically. 

Extent  of  the  Iron  Range 

The  band  of  sandstones  and  jaspers  containing  iron  ores,  though  so 
narrow,  has  already  been  followed  for  more  than  50  miles,  of  course  with 

•Cf.  Irving  and  Van  Hise,  Penokoe  Iron  Bearing  Series,  V.  S.  Geol.  Siir.,  monograph  xix,  p.  13.1, 
etcetera,  where  the  grainn  seems  to  be  described  r»  crystnln  rather  than  unuriented  polyhedra. 
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interruptions  where  covered  with  drift.  Starting  at  little  Gros  Cap,  it 
rims  about  20  miles  to  the  northeast,  then  bending  to  the  north  and 
west  it  takes  a  westerly  direction  for  more  than  30  miles.  How  much 
farther  it  runs  in  that  direction  is  unknown,  prospecting  having  stopped 
for  the  winter  a  few  miles  west  of  Dog  river.  The  same  association  of 
silicious  rock  and  iron  ore  is  found  more  than  70  miles  farther  west,  near 
Pic  river,  though  it  is  not  supposed  that  the  range  will  be  traced  con- 
tinuously to  that  point,  for  a  tract  of  Laurentian  is  mapped  as  iying 
between.  Whether  these  rocks  should  be  looked  on  as  a  continuation 
of  the  Vermilion  iron  range  north  of  lake  Superior  in  western  Ontario 
and  Minnesota  and  of  the  Penokee  and  Marquette  ranges  to  the  south 
of  the  lake  is  not  certain  at  present.  Iron  miners  from  Minnesota  con- 
sider it  the  same  formation  as  the  Vermilion  range,  and  there  seems  no 
reason  to  doubt  that  it  was  formed  under  very  similar  conditions  and 
shows  many  points  of  resemblance  to  that  range. 

Sandstones  of  the  same  peculiar  type  occur  at  Little  Turtle  lake,  east 
of  Rainy  lake,  and  near  Fort  Frances,  on  Rainy  river,  as  well  as  at  the 
Scramble  gold  mine,  near  Rat  Portage,  on  lake  of  the  Woods.  Thin  sec- 
tions of  these  rocks  show  the  same  polygonal  shapes  of  the  grains  of 
quartz,  and  more  or  less  iron  ore  is  associated  with  specimens  from  each 
locality.  It  is  very  probable,  then,  that  the  same  horizon  exists  at  points 
far  to  the  west  of  lake  Superior. 

'l\irning  toward  the  east,  specimens  very  like  the  jaspery  varieties  of 
the  Michipicoton  iron  range  are  found  interbedded  with  iron  ores  near 
lakes  Wahnapitae  and  Temagami,  between  Sudbury  and  the  Ottawa 
river.  If,  as  seems  probable,  these  jaspers  are  the  equivalents  of  the 
western  Huronian  sandstones,  we  have  a  definite  horizon  traceable  from 
point  to  point  across  the  whole  northern  end  of  the  province,  a  distance 
of  more  than  600  miles.  It  is  not  suggested,  of  course,  that  these  iron- 
bearing  sandstones  and  jaspers  will  be  traced  for  this  distance  as  a  con- 
tinuous band,  for  the  Huronian  areas  are  separated  at  several  points  by 
tracts  of  Laurentian ;  nevertheless,  if  the  conclusions  just  advanced  are 
correct,  we  have  in  these  rocks  a  most  valuable  thread  with  which  to 
unravel  the  much  disturbed  and  complicated  series  of  the  Huronian  in 
Ontario. 

The  Dore  Conglomerate 

Less  than  2  miles  north  of  the  iron-bearing  sandstone  of  Little  Gros 
'cap  there  is  a  remarkable  exposure  of  schist  (or  slate)  conglomerate,  ex- 
amined many  years  ago  at  the  mouth  of  Dor6  river  by  Sir  William 
liOgan,  who  evidently  considered  it  a  typical  example  of  the  Huronian, 
since  he  has  described  it  somewhat  fully  in  his  general  account  of  that 
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formation  *  Among  other  pebbles  in  the  conglomerate  he  refers  to  some 
of  a  chert-like  stone.  While  studying  this  outcrop,  which  is  well  ex- 
posed on  the  wave-beaten  shore  at  the  mouth  of  the  Dore,  and  also  on 
islands  to  the  south,  the  present  writer  found  many  pebbles,  not  only 
of  the  cherty  iron-bearing  rocks,  but  also  of  the  pulverulent  sandstones. 
Pebbles  and  boulders  of  all  sizes,  beautifully  rounded  and  of  a  consider- 
able variety  of  rocks — none,  however,  of  typical  Laurentian  gneiss — are  to 
be  seen  here  in  a  section  dipping  from  70  degrees  to  verticality,  and  with 
a  measured  thickness  of  more  than  a  third  of  a  mile.f  The  conglomer- 
ate has  been  traced  by  Professor  Willmott  and  the  writer  about  17  miles 
from  east  to  west  and  probably  extended  still  farther,  since  small  out- 
crops of  conglomerate  are  found  to  the  east.  Belts  of  conglomerate  are 
seen  also  within  2  or  3  miles  of  other  parts  of  the  sandstone  range,  but  no 
search  has  yet  been  made  for  pebbles  of  sandstone  or  jasper.  It  is  evi- 
dent that  the  Dor6  conglomerate  marks  a  very  important  break  in  the 
Huronian  of  the  region,  and  it  is  probable  that  the  other  conglomerates 
referred  to  are  to  be  looked  on  as  of  the  same  age.  The  lack  of  Lauren- 
tian pebbles  shows  that  they  are  not  basal  conglomerates  of  the  Huronian 
resting  on  a  Laurentian  floor,  and  the  chert  and  sandstone  pebbles  prove 
that  they  are  more  recent  than  the  iron-bearing  series. 

Conglomerates  near  Rainy  Lake 

A  very  extensive  series  of  schist  conglomerates  has  been  mapped  by 
Lawson  on  Shoal  lake  east  of  Rainy  lake,  and  was  thought  by  him  to  be 
a  basal  conglomerate  of  the  Keewatin  above  the  Couchiching.J  The 
same  region  has  been  examined  by  Winchell  and  Grant,  who  report  that 
black  and  red  jaspers  occur  in  it  as  pebble8,§  and  by  the  present  writer, 
who  found  numerous  pebbles  of  pulverulent  sandstone,  as  well  as  of 
cherty  materials,  along  with  the  more  common  felsite  and  porphyry 
pebbles.  1 1  This  conglomerate  has  been  traced  for  about  15  miles  from 
southwest  to  northeast,  and  probably  has  a  thickness  little  short  of  a 
mile.  That  it  represents  a  very  profound  break  in  the  Keewatin  series 
is  shown  by  the  fact  that  among  its  boulders  are  some  of  anorthosite 
evidently  derived  from  an  adjoining  mass  of  that  rock.  The  anorthosite 
itself  is  proved  to  have  erupted  through  rocks  apparently  belonging  to 
the  lower  Keewatin,  since  it  carried  off  in  its  eruption  fragments  of 
chloritic  and  sericitic  schist  exactly  like  certain  Keewatin  rocks  of  the 

*Geol.  Can.,  1863,  p.  54. 

fOnt.  Bur.  Mineg,  vol.  yiii,  second  part,  1899,  pp,  166-167. 

J  (leol.  Bur.  Chh.,  1887-'88,  p.  82  F. 

g  Gool.  Sur.  Minn.,  SJd  Ann.  Rep.,  1894,  p.  66. 

8  Ont.  Bur.  Mines,  1895,  p.  97. 
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region.  The  conglomerate  was  formed,  then,  at  a  far  later  time  than  the 
underlying  Keewatin  schists,  since  they  must  have  been  solid  rocks  before 
the  eruption  of  anortbosite,  and  this  very  coarse  grained  plutonic  rock 
mu8t  have  had  time  to  cool,  doubtless  at  a  great  depth,  and  to  be  deeply 
eroded  before  pebbles  of  it  could  have  been  rolled  on  a  seashore  and  in- 
corporated in  a  rock  belonging  to  the  upper  part  of  the-  series.*  This 
conglomerate  is  about  three  miles  south  of  Little  Turtle  lake,  near  which 
iron-bearing  sandstone  has  been  found. 

Lawson  maps  conglomerates  of  a  similar  kind  on  the  Minnesota  side 
of  Rainy  lake,  where  the  river  of  the  same  name  flows  out,  and  mentions 
saccharoidal  quartz  pebbles  as  occurring  in  them  along  with  various 
other  kinds  of  rock.t  He  also  describes  a  conglomerate  at  the  west  end 
of  Schist  lake,  containing  pebbles  composed  of  quartz  "in  a  very  fine 
mosaic  aggregate,  partly  chalcedonic."  J  Probably  these  pebbles  are  of 
the  same  character  as  the  iron-bearing  sandstone  found  by  myself  a  mile 
east  of  Fort  Frances,  on  Rainy  river.  Another  important  belt  of  con- 
glomerate containing  sandstone  and  black  quartzitic  pebbles  occurs 
near  Mosher  bay,  at  the  east  end  of  Upper  Manitou  lake,  about  25  miles 
north  of  Shoal  lake.§  From  the  facts  just  mentioned  it  will  be  seen 
that  conglomerates  with  sandstone  pebbles  are  widely  distributed  in  the 
Rainy  Lake  region. 

Schist  conglomerate  occurs  also  at  Rat  portage,  a  short  distance  south- 
east of  the  sandstone  band  found  at  the  Scramble  gold  mine,  but  up  to 
the  present  no  pebbles  of  sandstone  have  been  observed  in  it,  though  it 
is  probably  of  the  same  age  as  the  conglomerates  of  the  Rainy  Lake 
region,  80  or  100  miles  to  the  southeast. 

The  Jaspers  of  the  eastern  Huronian 

Turning  now  to  the  eastern  portion  of  the  province,  which  includes  the 
typical  Huronian  north  of  lake  Huron  and  its  extension  to  lake  Ten)is- 
caming,  no  undoubted  sandstones  have  been  found,  though  a  silicious 
rock  with  narrow  bands  of  magnetite,  probably  the  equivalent  of  the 
Michipicoton  rock,  occurs  near  Batchawana  bay,  at  the  southeast  end  of 
lake  Superior.  I  am  indebted  to  Mr  J.  A.  Holmes,  State  Geologist  of 
Xorth  Carolina,  for  this  information,  which  he  obtained  while  examin- 
ing an  iron  deposit  nine  miles  inland.  Jasper  banded  with  hematite 
and  magnetite  is  known  to  occur  at  two  points  in  the  northeastern  part 
of  the  area,  having  exactly  the  same  appearance  in  hand  specimens  as 


*.Joar.  Geol.,  vol.  iv,  no.  8, 18!)6,  p.  911. 
tOeoi.  Sur.  Can.,  l887-'88,  p.  82  F. 
X  Ibid,,  p.  84  F. 
I  Oni.  Bur.  MineB,  1897,  p.  123. 


112      A.  p.  COLEMAN — UPPER   AND    LOWER   UURONIAN    IN   ONTARIO 

the  jaspery  rocks  of  the  Michipicoton  iron  range.  I  have  not  visited  the 
points  niyseU*,  but  the  specimens  have  been  brought  in  by  prospectors. 
How  extensive  these  jasper  bands  are  is  not  yet  kjiown. 

We  do  know,  however,  that  jasper  conglomerates  form  a  very  striking 
part  of  the  quartzitic  rocks  of  the  typical  Huronian,  and  that  pebbles 
of  jasper  are  met  with  more  or  less  commonly  in  conglomerates  as  far 
east  as  lake  Teraiscaming  itself.* 

Source  of  Jasper  Pebbles  of  the  Huronian 

The  source  of  these  pebbles  in  the  typical  region  on  the  shore  of  lake 
Huron  has  not  yet  been  explained,  since  no  bands  of  jasper  have  been 
reported  in  the  neighborhood.  Possibly  they  are  concealed  beneath  the 
extensive  lacustrine  deposits  of  the  region  or  are  sunk  below  the  waters 
of  lake  Superior  or  lake  Huron.  From  the  widespread  and  abundant 
occurrence  of  these  jasper  pebbles  we  may  infer  a  source  of  considerable 
exteiTt.  They  can  hardly  have  been  obtained  from  the  underlying  Lau- 
rentian,  for  jasper  has  never  been  reported  from  the  Canadian  Laurentian; 
and  since  the  jasper  pebbles  are  in  many  cases  distinctly  stratified  and 
are  associated  with  black  chert  pebbles,  we  must  suppose  them  to  be  of 
sedimentary  origin,  and  so  excluded  from  the  Ijaurentian,  employing 
that  term  in  the  usual  sense  of  a  complex  of  ancient  eruptive  rocks  now 
more  or  less  schistose. 

It  is  true  that  ferruginous  chert  is  reported  by  Irving  and  Van  Hise 
from  the  Marquette  region,  associated  with  the  Kitchi  schist,  which  they 
include  in  the  Basal  complex,  but  those  authors  are  of  opinion  that  the 
small  deposits  referred  to  are  in  reality  of  vein  formation,  and  therefore 
later  in  age  than  the  schist  which  incloses  them.f 

One  is  tempted  to  ask  if  these  cherty  depo.-iits  are  not  more  pro])ably 
remnants  of  the  lower  Huronian  nipped  into  the  Laurentian.  The  green 
Kitchi  schists  themselves  would  probably  be  [)laced  by  Canadian  geol- 
ogists in  the  Keewatin  or  lower  Huronian  rather  tlian  in  the  Basal  com- 
plex or  Laurentian. 

The  most  impoktant  Break  ix  the  Huronian 

Van  Hise,  the  Winchells,  and  other  American  geologists  who  have  ex- 
amined the  typical  Huronian  area  are  of  the  opinion  that  a  break  occurs 
in  the  series  between  Loiran's  upper  and  lower  slate  conglomerates,  just 
above  the  main  band  of  limestone,  and  that  this  is  probably  the  equiv- 


•fteol.  Can..  Im^-I,  pp.  ,V.'  aiul  5«>, 

t  l*.  S.  Geol.  Sur.,  nionogr*])!!  xxviii,  Marquette  Iron  Bearing  Dist,  pp.  186, 187. 
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aleiit  of  the  unconformity  between  the  upper  and  lower  iron  bearing 
series  of  Michiji:an  and  Minnesota  *  My  own  study  of  these  rocks  leads 
me  to  the  conclusion  that  this  break  is  not  of  great  significance.  There 
are  pebbles  of  limestone  in  the  upper  slate  conglomerate  showing  a  cer- 
tain interruption  in  the  series,  but  the  lower  slate  conglomerate  (or  gray- 
wacke  conglomerate)  is  very  like  the  upper  one  and  is  not  appreciably 
more  crystalline  or  schistose.  Specimens  from  the  basal  conglomerate 
east  of  lliessalon  can  be  perfectly  matched  by  specimens  from  the  ui)per 
conglomerate  on  Echo  lake.  It  is  much  more  probable  that  the  real 
break  is  beneath  the  basal  conglomerate  near  Thessalon.  It  is  likely 
that  some  of  the  green  schists  found  in  the  adjoining  Laurentian  are  the 
equivalents  of  the  lower  Keewatin,  west  of  lake  Superior,  and  so  repre- 
sent the  lower  Huronian  in  the  typicaJ  region. 

Much  stress  has  properly  been  laid  on  this  basal  conglomerate  by 
Irving  and  Van  Hise,  and  it  will  be  well  to  discuss  its  bearing  on  the 
Huronian  question.f  If  the  lower  part  of  the  typical  Huronian  series 
corresponds  to  the  Vermilion  and  other  lower  iron-bearing  rocks  of  the 
states  to  the  west  and  south  of  lake  Superior,  it  should  contain  an  equiv- 
alent for  the  characteristic  jaspers  interbedded  with  iron  ore ;  but  no 
such  rock  has  been  found  by  Murray  in  his  careful  work  when  mapping 
the  region,  nor  by  any  later  observers.  On  the  other  hand,  jasper  peb- 
bles are  found  in  greater  or  less  numbers  to  the  very  bottom  of  the 
series,  a  few  occurring  in  the  basal  conglomerate  itself.J  If  it  be  ad- 
mitted that  the  large  numbers  of  jasper  pebbles,  often  with  a  banding 
suggesting  sedimentation,  are  derived  from  a  widespread  sedimentary 
rock,  then  sediments  must  have  been  formed  on  a  large  scale  and  have 
l)een  consolidated  and  rolled  into  pebbles  before  the  basal  conglomerate 
was  laid  down.  It  is  clear  that  this  basal  conglomerate  is  not  the  lowest 
rock  in  the  Algonkian,  as  defined  by  Van  Hise  in  his  excellent  correla- 
tion work,  nor  in  the  Huronian,  as  usually  defined  by  Canadian  geol- 
ogists, but  that  a  jasper  bearing  lower  Algonkian  or  Huronian  is  to  be 
looked  for  somewhere  as  a  source  of  its  pebbles. 

On  lake  Temiscaming,  at  the  northeastern  end  of  the  same  great  Huro- 
nian area,  another  basal  conglomerate  has  been  described  by  Barlow  and 
Ferrier.§  The  reasoning  just  given  will  apply  to  this  conglomerate  also, 
for  a  few  months  ago  Mr  Archibald  Blue  and  the  writer  found  jasper 
pebbles  almost  at  the  base  of  the  Temiscaming  conglomerate.     In  this 


•Van  Hii»e,  pre-Cambrian,  p.  777 ;  Alex.  Winchell,  Bull.  (ieol.  Soc.  Arn.,  vol.  iv,  18'j3,  p.  344,  and 
Am.  Jour.  Sci.,  vol.  xlli,  p.  317. 

tCf.  Ont.  Bar.  Minofl,  1899,  part  ii,  p.  160,  etcetera. 

t  Ibid.,  p.  162.    • 

iOn  the  relations  and  structure  of  certain  granites  and  associated  arkose  on  Lake  Temiscaming. 
British  Assoc.,  Toronto,  1897. 
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instance,  however,  a  piece  of  jasper  with  iron  ore  brought  by  a  pros- 
pector from  an  outcrop  near  lake  Teinagami  provides  a  reasonable  source 
of  the  jasper  pebbles,  and  proves  that  the  lower  Huronian  is  represented, 
to  some  extent  at  least,  a  few  miles  to  the  westward. 

Conclusions 

Granting  that  the  ferriferous  sandstones,  cherts,  and  jaspers  described 
above  belong  to  a  definite  horizon  near  the  top  of  the  lower  Huronian 
(or  Algonkian),  and  that  the  conglomerates  often  found  near  by  contain- 
ing sandstone,  chert,  or  jasper  pebbles  represent  also  a  definite  horizon 
as  basal  conglomerates  of  the  upper  Huronian,  some  interesting  conclu- 
sions follow. 

In  the  first  place,  the  gap  between  upper  and  lower  Huronian  is  shown 
to  be  a  very  profound  one.  Basal  conglomerates,  often  thousands  of 
feet  thick  and  found  irom  point  to  point  over  a  distance  of  more  than 
600  miles,  indicate  an  erosive  period  of  great  extent  and  significance. 
In  the  next  place,  we  have  in  these  widespread  rocks  a  means  of  corre- 
lating the  often  widely  separated  and  ver}^  different  looking  rocks 
mapped  as  Huronian  in  Ontario.  Doctor  Lawson,  in  defining  his  Kee- 
w^in  on  the  lake  of  the  Woods  and  Rainy  lake,  came  to  the  conclusion 
that  the  highly  metamorphosed  schists  and  eruptives  of  that  region 
stood  lower  in  the  geological  scale  than  the  less  altered  quartzites, 
etcetera,  of  the  typical  Huronian  as  described  by  Logan.  If  the  ground 
taken  in  this  paper  is  correct,  viz.,  that  the  Shoal  Lake  conglomerate  is 
at  the  base  of  the  upper  Huronian  and  the  ferriferous  sandstones  found 
at  some  points  in  the  region  belong  to  the  lower  Huronian,  it  is  evident 
that  at  least  a  part  of  the  Keewatin  is  of  Huronian  age.  Whether  the 
great  beds  of  schist  formed  of  pyroclastic  materials  and  sheared  eruptives 
mapped  by  Doctor  Lawson  are  older  than  the  lower  Huronian,  and  so 
should  retain  the  name  Keewatin  as  a  separate  formation,  need  not  be 
discussed  here. 

The  resemblance  between  the  iron-bearing  rocks  shown  to  exist  in 
Ontario  and  the  upper  and  lower  iron-bearing  series  so  carefully  worked 
out  in  Minnesota  and  Michigan  suggests  that  they  are  of  the  same  age, 
and  that  the  break  between  the  upper  and  lower  Huronian  extends 
along  the  south  side  of  lake  Superior  as  well  as  the  north,  though  it  is 
too  soon  to  state  positively  that  this  is  the  case.  The  detailed  mapping 
of  the  Vermilion  series  of  Minnesota  to  the  boundary  of  Ontario,  which 
Professor  Van  Hise  informs  me  is  about  complete,  will  giv^  an  opportu- 
nity to  trace  with  more  certainty  the  relations  of  these  two  great  areas  of 
pre-Cambrian  rocks. 
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Introduction 


While  the  igneous  rocks  of  the  Boston  basin  have  been  the  subject  of 
considerable  investigation  and  discussion,  the  volcanics  of  the  limited 
portion  of  the  basin  drained  by  the  Neponset  river  have  received  little 
attention.     No  petrographic  study  has  been  made  of  these  volcanics. 

Recently  Professor  W.  O.  Crosby  afforded  the  writer  an  opportunity 
to  visit  this  district  and  to  collect  specimens,  and  further  encouraged  a 
more  detailed  study  of  the  material  collected. 

The  general  geology  of  the  region  has  been  investigated  by  Professor 
Crosby  and  is  quite  aside  from  the  purpose  of  this  paper.  A  brief  sketch 
of  the  results  of  the  investigation,*  so  far  as  they  have  appeared,  may 
not,  however,  be  out  of  place. 

Structure  op  the  Region 

The  prevailing  rock  is  a  conglomerate  and  the  prevailing  structure  is 
anticlinal.     Along  the  northern  margin  of  the  belt  the  conglomerate 

•Physical  History  of  the  Boston  Basin,  1899.    The  Neponset  Valley,  p.  6. 
XVI^BuLL.  Obol.  Boo.  Am.,  Vol.  11.  1899  (115) 
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dips  to  the  north  under  a  slate,  and  along  the  southern  margin  the  dips 
are  to  the  south,  and  the  conglomerate  passes  again  under  the  slate. 
This  structure  is  complicated  by  several  sharp  synclines  and  numerous 
faults. 

In  the  western  part  of  the  valley  erosion  has  uncovered  the  volcanics. 
The  acid  volcanics  are  the  floor  on  which  the  conglomerate  rests,  while 
the  basic  volcanics  occur  as  dikes  and  as  flows  interbedded  with  the 
conglomerate.  There  are  three  flows  of  non-porphyritic  basic  lava  and 
one  of  porphyry. 

Age  of  the  Rocks 

The  age  of  the  conglomerate  is  Carboniferous. 

The  acid  volcanics  must  be  pre-Carboniferous,  while  the  basic  igneous 
material  is  of  the  same  age  as  the  conglomerate. 

The  rocks  come  to  the  surface  in  three  considerable  areas  with  aa  many 
small  outlying  bodies.  The  larger  areas  are  severally  1,  2,  and  5  miles 
approximately  in  length  and  possess  a  mean  width  of  one-half  mile. 

Acid  Volcanics 
macroscopic  characters  and  occurences 

The  acid  volcanics  are  more  extended  in  areal  exposure  than  the 
basic  volcanics.  They  are  both  tuffaceous  and  massive.  The  fragmental 
material  is  readily  recognized  by  mottled  weathered  surfaces,  which  owe 
their  character  to  variously  colored  fragments  contained  in  a  light  green 
or  pink  base.  A  fluxion  arrangement  of  the  fragments  is  sometimes 
marked. 

The  massive  efi*usives  exhibit  a  considerable  range  of  colors  and 
textures.  Light  green,  gray,  various  shades  of  pink  and  purple,  and  a 
brilliant  brick  red  are  the  notable  colors.  They  frequently  possess  a 
compact  cryptocrystalline  felsitic  texture,  and  are  banded  with  light  and 
dark  red  tints  which  reveal  conspicuously  curving  and  crumpled  lines 
of  flow  movement.  This  fluxion  banding  is  accompanied  by  an  easy 
cleavage  of  the  rock  into  slabs  parallel  to  the  fluxion  planes,  precisely 
as  has  been  noted  in  the  case  of  similar  acid  volcanics  from  the  liipari 
islands.  This  type  is  also  very  brittle,  breaking  with  sharp  edges  which 
cut  like  glass. 

The  rock  is  usually  non-porphyritic  in  the  hand  specimen,  though  in 
some  instances  it  shows  small  and  inconspicuous  phenocrysts.  It  is 
somewhat  rarely  amygdaloidal,  when  the  amygdules  are  of  red  jasper, 
and  are  characterized  in  a  marked  degree  by  the  lenticular  shape  and 
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parallel  arrangement  peculiar  to  acid  lavas.  In  some  localities,  notably 
High  rock,  Hyde  Park,  the  lava  is  locally  an  aggregation  of  spherulites. 
These  spherulites  vary  in  size  from  that  of  a  pea  to  a  butternut.  They 
are  pink  or  red  or  light  greenish  yellow  and  often  exhibit  concentric 
color  tints.  They  may  crowd  the  rock  to  the  exclusion  of  a  matrix  or 
they  are  imbedded  in  a  light  green  ground-mass. 

The  massive  volcanics  are  exposed  at  the  crossing  of  Blue  Hill  avenue 
and  the  New  England  railroad  and  at  Cooks  court,  near  Norfolk  street, 
Miittapan,  where  flow  structure  and  cleavage  are  marked.  On  Blue 
Hill  avenue,  in  Milton,  the  occurrence  is  of  the  same  character ;  on  Stony 
Brook  reservation  it  occurs  with  a  granitic  facies.  In  Grew's  wood,  Hyde 
Park,  there  is  a  ledge  of  very  inconspicuously  porphyritic  volcanics. 
At  the  intersection  of  Arlington  and  River  streets,  Hyde  Park,  occurs 
the  reii  amygdaloidal  volcanic.  High  rock,  Hyde  Park,  is  a  mass  of 
spherulitic  lava.  At  Central  avenue  and  on  Columbine  road,  Milton, 
there  is  exposed  a  deep  purple  volcanic,  characterized  by  marked  flow 
structure. 

PETROQRAPHIC  CHARACTERS  AND  MINERAL  CONSTITUENTS 

The  primary  constituents  which  have  been  preserved  in  the  acid  vol- 
canics are  the  alkali  feldspars,  quartz,  and  magnetite. 

Presumably  either  hornblende,  biotite,  or  augite  was  originally  present 
as  a  constituent  of  the  groundmass,  but  no  lime-magnesian  or  ferro- 
nia^nesian  constituents  remain. 

Feldspar  occurs  both  as  small  scattered  phenocrysts  and  as  a  compo- 
nent of  the  groundmass.  Here  it  is  sometimes  granular,  sometimes  lath- 
shaped,  and  sometimes  in  radiating  fibers.  The  lath-shaped  feldspars  do 
not  show  polysynthetic  twinning  and  usually  possess  a  parallel  extinc- 
tion. Microperthitic  structure  is  a  marked  feature  of  the  phenocrysts. 
Polysynthetic  twinning  is  not  uncommon.  Extinctions  indicate  that 
albite,  orthoclase,  and  anorthoclase  are  the  species  represented. 

Quartz  rarely  occurs  as  a  phenocryst,  but  is  a  constituent  of  the  ground- 
mass.  That  the  magnetite  is  often  titaniferous  is  indicated  by  an  altera- 
tion to  leucoxene.    It  also  alters  freely  to  hematite. 

The  secondary  constituents  are  pinite,  epidote,  kaolin,  quartz,  sericite, 
hematite,  and  leucoxene. 

In  all  the  red  material  hematite  is  disseminated  as  a  microscopic  dust, 
giving  color  and  preserving  structures.  Piedmontite  occurs  rarely  in 
small  quantities  in  the  feldspars  and  along  cracks. 

The  purple  volcanics  contain  both  magnetite  and  hematite  as  pigment, 
while  in  the  case  of  the  light  green  volcanic  the  color  is  due  partly  to  the 
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presence  of  epidote,  but  chiefly  to  pinite,  a  secondary  product  derived  from 
the  alteration  of  the  feldspathic  groundmass  and  from  the  phenocrystfi.^ 

The  gray  volcanic  is  very  feldspathic  and  comparatively  free  from 
iron  oxides  and  other  pigments. 

The  structures  found  in  these  lavas  are  the  granular,  trachytic,  porphy- 
ritic,  perlitic,  fluxion,  amygdaloidal,  and  spherulitic. 

A  homogeneous  quartz-feldspar  mosaic  constitutes  the  granular  ground- 
mass,  and,  combined  with  flow  structure,  chasacterizes  much  of  the  lava. 
Associated  with  this  presumably  secondary  crystallization  are  micro- 
scopic colorless  spherulites,  usually  occurring  in  bands.  The  fibers  are 
negative  and  feldspathic.  When  feldspar  predominates  in  the  ground* 
mass  the  structure  passes  into  the  trachytic.  The  feldspar  is  lath-shaped 
and  shows  parallel  extinctions  or  inclined  extinctions  with  a  small  angle. 

These  feldspathic  volcanics  recall  the  Westfalen  quartz-keratophyres 
and  the  bostonite  of  Marblehead  neck. 

Where  the  lava  was  originally  vesicular  the  vesicles  are  now  filled  with 
cryptocrystalline  silica.  In  one  case  a  lithophysal  vesicle  shows  crystals 
attached  to  the  concentric  walls  and  now  replaced  by  silica. 

The  peril  tic  structure  is  associated  with  the  spherulitic.  The  latter  is 
found  most  abundantly  in  the  mass  constituting  High  rock,  in  Hyde 
Park.  The  slides  are  crowded  with  spherulites  which  possess  a  polyg. 
onal  outline  as  the  result  of  mutual  interference. 

In  some  cases  the  radiating  structure  is  well  preserved  and  the  fibers 
are  both  positive  and  negative.  The  micropoikilitic  structure  may  be 
combined  with  the  spherulitic  or  may  replace  it  altogether,  or  may  be 
confined  to  the  groundmass.  Small  phenocrysteof  perthitic  orthoclase 
often  occur  in  the  center  of  the  spherulites  and  are  distributed  irregu- 
larly through  the  section. 

In  other  cases  the  original  radiating  and  branching  spherulitic  struc- 
ture is  indicated  in  ordinary  light  only  by  the  iron  oxide  (hematite), 
while  in  polarized  light  an  extremely  fine  granular  quartz  cr^'stallization 
re])laces  the  original  structure.  In  the  groundmass  associated  with  these 
altered  spherulites  are  found  flow  structure,  perlitic  parting,  and  a 
secondary  micro-poikilitic  structure  occur.  Orthoclase  and  an  acid 
plagioclase  feldspar  are  the  phenocrysts;  calcite  and  epidote  are  the 
alteration  products. 

FRAGMENTAL  ACID  VOLCANICS 

The  fragmental  volcanics  are  exposed  near  the  crossing  of  Blue  Hill 
avenue  and  the  New  England  railroad.    They  are  especially  well  dis- 


*W.  O.  Croflby :  Relations  of  the  piaito  of  the  Boston  basin  to  the  felsite  and  conglomerate. 
Tech.  Quarterly,  February,  1889,  pp.  248-252. 


FRAGMENTAL   ACID   VOLCANICS        •  119 

played  in  ledges  north  of  the  railroad,  on  Blue  Hill  avenue  south  of 
Brook  street,  Milton;  near  Harvard  street  and  Mount  Hope  cemetery; 
in  a  quarry  near  Mount  Calvary  cemetery,  on  Rutledge  road,  Rugby,  at 
the  intersection  of  River  street  and  the  Providence  railroad,  and  south 
of  Norfolk  street  and  the  New  England  railroad.  This  tufifaceous  material 
varies  from  a  fine  grained  consolidated  ash  to  a  breccia  composed  of 
fragments  one  to  two  inches  in  diameter.  In  two  cases  the  '*  aschen 
structur  "  which  has  been  described  by  Miigge*  is  a  feature  of  the  tuffa- 
ceous  volcanic. 

The  forms  which  make  up  that  structure  only  appear  in  ordinary 
light,  and  are  entirely  obscured  with  crossed  nicols  by  the  extremely  fine 
quartz-feldspar  mosaic  which  replaces  the  original  fragmental  and  glassy 
character  of  the  lava.  South  of  Norfolk  street  and  the  New  England 
railroad  a  light  green  volcanic,  breaking  readily  into  slabs,  shows  this 
structure.  There  is  a  uniform  alteration  of  the  replacing  groundmass 
to  pinite,  which  gives  the  light  pea-green  color  to  the  rock.  The  other 
occurrence  of  this  structure  is  in  the  case  of  a  large  boulder  of  a  blood- 
red  color  which  was  found  in  the  woods  near  Blue  Hill  avenue,  Milton. 

The  structure  is  emphasized  in  ordinary  light  by  the  pigment  hema- 
tite, and  obscured  in  polarized  light  by  homogeneous  crystallization. 
The  original  fragmental  character  is,  however,  indubitable. 

In  other  instances  where  the  fragmental  character  of  the  rock  is  ob- 
scured in  the  hand  specimen  its  obliteration  is  aided  by  the  uniform 
alteration  of  the  secondary  quartz-feldspar  crystallization  to  pinite. 

With  these  exce])tions,  the  tuff'aceous  and  brecciated  character  is  always 
apparent  in  the  hand  specimen.  The  angular  fragments  exhibit  a  variety 
of  shades — pink,  red,  purple,  green,  and  other  tints.  The  fragments  are 
<juartz,  feldspar  (orthoclase,  albite),  aporhyolite,  and  spherulites.  The 
frajjments  of  aporhyolite  often  exhibit  remarkably  well  i)reserved  perlitic 
parting  or  fluxion  structure  or  "  aschen  structur."  In  the  tuff  on  Blue 
Hill  avenue  south  of  Brook  street  the  fragments  are  mainly  aporhyolitic, 
and  haveall  been  recrystallized  and  largely  altered  to  pinite  and  epidote. 
Orthoclase  remains  as  an  original  constituent. 

The  fragmental  character  is  often  obscured,  and  sometimes  completely 
lost  in  polarized  light,  by  recrystallization.  This  is  true  of  all  the  tuffa- 
ceous  material  from  the  neighborhood  of  Mount  Hope  and  of  Mount 
Calvary  cemetery.  In  the  latter  locality  the  true  character  of  the  rock 
is  only  obscured,  but  not  destroyed  in  polarized  light,  because  the  crys- 
tallization of  the  fragments  and  the  matrix  is  not  uniform.  Some  frag- 
ments have  a  secondary  spherulitic  crystallization,  in  which  case  the 


•O.  Mugge:  *^  Untersnchungen  rtber  die  Lenniporpliyre  in  Westfalen  iind  der  angrenzenden 
Gebieten."    Neues  Jahrbach  f.  Min.  Geol.  u.  Pal.,  B.  B.  viii,  1893. 
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spherulitic  fibers  are  negative.  The  fragments  are  very  heterogeneous 
in  size  and  character,  and  the  rock  may  be  termed  an  agglomerate. 
These  agglomerates  are  of  a  green  color,  the  result  of  the  production  of 
pinite,  and  contain  in  some  cases  fragments  crowded  with  white  kaolin- 
ized  spherulites  from  the  size  of  a  pinhead  to  a  pea. 

Between  Mother  brook  and  the  Providence  railroad  there  is  exposed  a 
tuffaceous  volcanic.  From  the  same  locality  comes  a  specimen  of  crushed 
and  recemented  granite.  The  slide  shows  broken  granitic  quartz  and 
feldspar  cemented  by  a  fine  grained  silicious  crystallization.  Pinite  is 
abundantly  developed  in  this  cement  and  gives  its  color  to  the  rock. 
This  specimen  shows  no  volcanic  fragments.  The  aporhyolitic  tuff,  which 
was  not  sectioned,  is  a  purple  and  gray  rock,  free  from  pinite,  with  plain 
evidence  of  its  clastic  character  on  the  weathered  surface. 

At  the  corner  of  River  street  and  Glenwood  avenue  there  occurs  a  frag- 
inental  rock  that  might  be  classed  with  igneous  conglomerates.  The 
rock  is  of  a  medium  green  color,  and  is  of  a  compact  character  on  the 
fresh  surface,  but  exhibits  its  clastic  character  on  weathered  surfaces. 
The  fragments  are  subangular  and  rounded.  The  slide  shows  them  all 
to  be  of  an  igneous  origin — quartz,  orthoclase,  and  plagioclase,  aporhy- 
lite,  and  aporhyolitic  ash.     Pinite  is  more  or  less  developed. 

The  localities  where  pinite  is  the  predominating  alteration  product  are 
the  following :  Near  the  crossing  of  Blue  Hill  avenue  and  the  New  Eng- 
land railroad  ;  on  Blue  Hill  avenue  south  of  Brook  street,  Milton,  and 
on  Central  avenue,  Milton ;  at  the  quarry  near  Mount  Calvary  cemetery ; 
at  the  intersection  of  Glenwood  avenue  and  River  street,  Hyde  Park; 
Stony  Brook  reservation,  Hyde  Park ;  between  Mother  brook  and  Provi- 
dence railroad,  and,  finally,  south  of  the  New  England  railroad,  on  Nor- 
folk street,  in  Mattapan. 

In  the  latter  locsility  it  is  very  characteristically  developed.  The  de- 
velopment of  pinite  is  much  more  marked  in  the  tuffaceous  than  in  the 
massive  volcanics,  though  not  absolutely  confined  to  the  former. 

Stony  Brook  reservation  Embraces  some  two  square  miles  of  the  acid 
volcanics.  The  material  collected  from  this  area  exhibits  gradations 
into  a  highly  silicious  granite.  Passing  from  south  to  north,  the  forma- 
tion is  first  a  green  non-porphyritic  aphanitic  rock,  which  possesses  a 
very  fine  grained  groundmass,  with  phenocrj-sts  of  quartz  and  albite. 
The  alteration  is  mainly  to  pinite  and  epidote.  Farther  to  the  north 
the  rock  becomes  less  fine  grained  and  fresher,  the  phenocrysts  larger 
and  more  numerous.  The  feldspars  are  perthitic.  and  the  quartz  gran- 
ulated or  with  undulatory  extinction.  The  micropoikilitic  structure 
shows  itself  in  the  groun(lm:iss.  The  rock  approaches  a  granite  in  ap- 
pearance.    It  is  a  fresh  medium  grained  light  gray  rock. 
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Still  farther  to  the  north  there  is  exposed  in  the  road-cut  a  true  granite 
showing  no  ferro-niagnesian  constituent. 

CHEMICAL  CO Af POSITION 

The  following  is  an  analysis*  of  the  acid  volcanics  of  the  Neponset 
Valley  basin : 

SiO, 72.85 

A1,0, 12.92 

FeaO, 2.98 

CaO 0.90 

MgO 0. 38 

Na,0 7.08 

K,0 3.01 

Trace  of  MnO  and  PjOj )  -^ 

Co, f 

Loss  by  ignition  (HaOCoj) 0.65 

Total 100.77 

The  chemical  analysis  shows  these  volcanics  to  be  related  to  the  rhy- 
olites,  differing  from  the  normal  rhyolite,  however,  in  possessing  a  high 
soda  percentage.  They  are  closely  related  to  the  soda-rhyolite  or  quartz- 
keratophyre. 

The  predominant  feldspar  is  a  soda  feldspar.  The  original  constit- 
uents may  be  estimated  as  follows  : 

Quartz 18.02 

Orthoclaae 17.85 

Albite 60.01 

Ferro-magnesian  constituents  and  lime  feldspar  molecule .  3.49 

Other  constituents .63 

Total 100.00 

The  chemical  relationship  to  the  quartz-keratophyre  is  borne  out  by 
a  general  resemblance  in  the  thin-section.  The  trachytic  alkali  feld- 
spars, the  perthitic  and  plagioclase  phenocrysts,  the  absence  of  apatite 
and  of  ferro-magnesian  constituents  ally  them  with  the  quartz-kera- 
tophyres. 

It  has  been  suggested  to  the  writer  that  the  prefix  "  apo  "  should  he 
restricted  to  that  kind  of  metamorphism  in  which  textures  and  structures 
are  preserved,  and  not  confined  in  its  application,  as  heretofore,  to  rocks 
which  were  originally  glassy.     With  this  the  writer  fully  concurs. 

This  usage  does  not  conflict  with  the  present  use  of  **  meta,"  which 

^AnalyaU  made  by  Dr  W.  H.  Walker  in  the  laboratory  of  the  MassjichuMetis  InHtituto  of  Tech- 
nology from  composite  samples  carefully  collected  for  the  purpose. 
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remains  the  general  prefix  for  metamorphic  rocks,  representing  all  kinds 
of  alterations  in  any  rock. 

It  covers  the  original  definition  of  the  prefix,  and  embraces  all  those 
rocks  which  under  that  definition  have  received  the  prefix  "apo."  It 
will  include,  in  addition,  those  altered  efFusives  which  may  or  may  not 
have  been  perfectly  glassy,  but  which,  with  altered  constituents,  still 
show  the  structures  of  lavas.  Under  this  usage  the  prefix  may  be  applied 
with  increased  confidence.  With  this  terminology  the  acid  volcanics  of 
the  Neponset  valley  become  apo-soda-rhyolites. 

Basic  Volcanics 
occurrence  and  petroqraphic  characters 

At  the  crossing  of  Blue  Hill  avenue  and  the  New  England  railroad 
both  volcanics  are  exposed  in  the  railroad  cut.  The  basic  rock  occurs 
as  a  dike  in  the  acid  eruptive.  It  is  a  compact,  fine  grained,  dark  green 
chloritic  rock,  confusedly  traversed  by  joint-planes.  The  weathered 
surface  and  the  joint-planes  are  iron-stained,  and  the  latter  are  so  numer- 
ous as  to  render  it  difficult  to  obtain  a  fresh  fracture. 

The  specimens  from  this  locality  show  a  nearly  complete  alteration 
of  mineral  constituents  and  a  preservation  of  structure.  The  alteration 
products  are  calcite,  chlorite,  quartz,  epidote,  and  kaolin. 

Epidote  occurs  as  a  cloudy  yellow  aggregate,  filling  the  interstices  of 
the  lath-shaped  feldspar,  the  outlines  of  which  still  remain.  The  feld- 
spar substance  is  so  completely  replaced  by  calcite,  chlorite,  kaolin 
scales,  and  quartz  as  to  render  it  impossible  to  determine  the  species. 
Magnetite  is  sparingly  distributed  and  there  are  some  remnants  of  iron 
f)yrites  undergoing  alteration  to  limonite.  The  structure  is  trachytic 
and  inconspicuously  porphyritic.  Flow  movement  is  indicated  by  tlie 
arrangement  of  the  lath-shaped  feldspar  microliths. 

West  of  Oakland  street  and  south  of  the  New  England  railroad,  not 
far  from  the  preceding  locality,  the  basicvolcanic  occurs  as  an  aphanitic 
dark  purplish  rock,  much  jointed,  with  a  development  of  chlorite  on  the 
joint  faces. 

This  rock  is  characterized  by  comparative  freedom  from  the  alteration 
products — chlorite,  calcite,  and  kaolin.  The  feldspar  is  correspondingly 
fresher,  and  extinction  measurements  indicate  albite  as  the  species. 
There  is  scanty  calcite  and  much  epidote  and  magnetite  present.  These 
minerals,  with  the  plagioclase,  constitute  the  rock.  The  structure  is 
micro-ophitic  combined  with  flow  movement. 

At  the  same  locality  a  dike  of  the  basic  igneous  rock  occurs.  The 
rock  is  lighter  colored  than  the  above  and  diff'ers  in  showing  much 
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greater  alteration  of  the  feldspar.  The  feldspar  is  too  thoroughly  altered 
for  determination  of  species.  The  alteration  product  is  for  the  most 
part  kaolin.  Cloudy  and  granular  epidote  fills  the  interstices.  Chlorite 
and  magnetite  are  also  present.  The  structure  is  trachytic  where  not 
obscured  by  secondary  products. 

On  Norfolk  street,  near  Cooks  court,  occurs  a  great  mass  of  these 
lavas.  The  rock  of  this  locality  resembles  closely  that  already  described. 
It  is  very  fine  grained  and  almost  structureless.  The  original  constit- 
uents are  more  or  less  completely  replaced  by  calcite,  chlorite,  epidote, 
and  quartz.  The  groundmass  polarizes  but  faintly,  and  may  have  orig- 
inally been,  in  part,  glass.  The  feldspathic  microliths  are  obscured  in 
outline  and  their  species  can  not  be  determined. 

On  Morton  street  near  Codman,  in  Dorchester,  the  basic  volcanic 
occurs  as  an  aphanitic  dark  green  rock,  obscurely  mottled  with  fine  red 
jasper  areas,  and  with  jasper  deposited  along  the  walls  of  cracks.  The 
slides  show  the  same  structureless  or  faintly  ophitic  groundmass,  with 
epidote,  chlorite,  quartz,  leucoxene,  and  the  iron  oxides  as  constituents. 
There  are  altered  plagioclase  phenocrysts.  Hematite  replaces  completely 
some  phenocrysts  resembling  olivine  in  outline. 

On  Delhi  street,  in  Mattapan,  occurs  a  very  similar  volcanic.  It  is  like 
the  Morton  street  occurrence  both  in  the  hand  specimen  and  in  the  slide. 

The  alteration  to  chlorite  and  epidote  is  so  far  advanced  as  ta disguise 
the  original  constituents.  One  untwinned  feldspar  phenocryst  whose 
substance  has  not  completely  disappeared  shows  an  extinction  of  11° 
The  groundmass  polarizes  very  faintly  and  seems  to  be  composed  of 
altered  orthoclase.  There  is  considerable  magnetite  in  the  section  and 
some  secondary  quartz. 

A  basic  volcanic  exposed  in  a  high  ledge  on  the  west  side  of  Central 
avenue,  Milton,  is  coarse  grained  and  amygdaloidal.  It  also  shows  great 
alteration.  There  are  considerable  areas  of  epidote,  chlorite  quartz,  and 
calcite. 

The  structure  in  some  cases  is  trachytic  and  ])orphyritic  and  the  feld- 
spar still  comparatively  fresh.  Again,  the  extinctions  on  010  and  001 
and  the  maximum  equal  extinction  angle  indicate  albite  as  the  species. 

In  this  locality  the  rock  exhibits  a  marked  cleavage,  parallel  to  which 
it  breaks  in  slabs  about  one-quarter  of  an  inch  in  thickness. 

BASIC  FRAGMENTALS 

Associated  with  the  massive  volcanics  at  Cooks  Court  and  on  Rock- 
ville  street  near  Blue  Hill  avenue  are  tuffs.  At  Cooks  court  the  tuffa- 
ceous  character  shows  on  the  weathered  surface.    The  rock  is  comopsed 

XVII— Bou..  Gieoi..  Soc.  Am..  Vol.  U,  1899 


124  F.  BASCOM — VOLCANICS   OF   NEPONSET   VALLEY 

of  angular  fragments  of  plagioclase,  quartz,  orthoclase,  of  basic,  and  of 
acid  lava. 

At  Rockville  street  there  occurs  a  dark  purple  tuff.  It  is  composed  of 
heterogeneous  fragments  of  basic  volcanic,  porphyritic  or  non-porphyritic 
or  amygdaloidal,  a  little  of  the  aporhyolite,  and  some  jasper.  These 
fragments  are  contained  in  an  exceedingly  fine  grained  silicious  cement* 
The  tuff  is  completely  altered.  Chlorite,  epidote,  calcite,  hematite,  and 
magnetite  are  the  secondary  constituents. 

CHEMICAL  CONSTITUTION  AND  NAME 

The  following  is  an  analysis  *  of  the  basic  volcanic  of  the  Neponset 
Valley  basin : 

SiO, 53.75 

Al.Os 18.37 

Fe,0, 8.28 

CaO 3.22 

MgO 5.63 

Na,0 7.05 

K,0 1.20 

Loss  by  ignition  |  JJ«^  | 3.34 

Traceof  PAl Very  slight 

MnOandCOj  ^      ^ 

Total 100.84 

The  analysis  shows  a  remarkably  high  soda  content.  This  is  so  ab- 
normal that  the  correctness  of  the  analysis  was  called  in  question.  A 
new  analysis  was  made,  but  the  result  showed  no  alteration  in  the  8odii 
content.  In  the  slides  there  is  no  indication  of  the  presence  of  nephelite 
or  analcite.  Whether  the  pyroxene  or  amphibole,  which  may  have  been 
original  constituents  of  the  rock,  was  a  soda  pyroxene  (eegerine)  or  a  soda 
amphibole  (glaucophane  or  riebeckite),  there  is  no  absolute  means  of 
determining,  but  there  is  no  indication  that  this  was  the  case.  If  there- 
fore all  the  soda  present  is  combined  with  silica  to  form  feldspar,  this 
feldspar  will  constitute  59.75  per  cent  of  the  rock,  while  orthoclase  con- 
stitutes 7.11  per  cent,  and  the  other  constituents  33.14. 

That  some  proportion  of  the  soda  was  consumed  in  a  magnesian  silicate 
is  not  improbable,  because  of  the  low  silica  percentage.  If  the  soda  and 
potash  are  used  exclusively  to  form  feldspar,  sufficient  silica  remains  to 
combine  only  with  2.66  per  cent  of  the  lime.    Some  of  the  lime  may, 

^Analysis  made  by  Dr  W.  H.  Walker,  of  the  Masiftachu^etts  Institute  of  Technology,  from  com- 
posite material  carefuHy  collected  for  the  purpose. 
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however,  have  been  brouglit  to  the  rock  in  solution  at  the  time  of  the 
formation  of  the  secondary  products — epidote  and  calcite. 

The  analysis  falls  within  the  chemical  range  of  the  andesites,  though 
the  ruling  feldspar  is  more  acid  than  is  characteristic  of  the  normal  an- 
(lesite.  While  the  chemical  composition  resembles  that  of  the  bana- 
kite  dike  from  Hoodoo  mountain  *  the  Neponset  volcanic  does  not,  like 
the  banakite,  contain  analcite;  it  is  essentially  an  altered  andesite,  rich 
in  soda.  In  accordance  with  the  proposed  use  of  the  prefix  apo,  these 
volcanics,  which  preserve  the  structures  of  the  original  type,  while  the 
constituents  are  more  or  less  completely  altered,  may  be  termed  apoan- 
dmies. 

PoRPHYRiTic  Volcanic 

In  the  woods  on  the  west  side  of  Central  avenue,  Milton,  there  is  ex- 
])osed  a  deep  purple  volcanic  with  a  conspicuously  porphyritic  structure. 
The  phenocrysts  are  white,  broadly  lath-shaped  feldspars ;  the  rock  is 
very  feldspathic.  It  possesses  a  groundmass  composed  of  a  mosaic  of 
feldspar  grains,  with  possibly  a  little  quartz.  This  groundmass  is 
crowded  with  feldspar  crystals  varying  greatly  in  size.  Twinning  by  the 
albite  and  carlsbad  law  are  the  rule  ]  pericline  twinning  is  rare.  Extinc- 
tions on  010  and  001  and  the  maximum  equal  extinction  angle  indicate 
that  albite  is  the  predominating  feldspar. 

Parallel  extinction  on  some  of  the  microliths  indicates  that  orthoclase 
is  also  present. 

Lath-shaped  and  rudely  hexagonal  aggregations  of  magnetite  replace 
some  ferro-magnesian  constituent  whose  substance  has  completely  dis- 
appeared. 

On  the  east  side  of  the  avenue  a  ledge  of  breccia  furnished  a  pebble 
of  a  similar  feldspathic  rock. 

It  shows  some  alteration  to  chlorite  and  ei)idote,  but  on  the  whole  is 
much  fresher  than  the  andesite,  and  is,  like  the  porphyry  just  described, 
very  feldspathic.  The  structure  is  panidiomorphic  and  porphyritic. 
The  feldspars,  which  constitute  almost  the  entire  rock,  are  rectangular 
and  broadly  quadratic.  They  often  show  a  central  alteration  to  epidote 
or  chlorite. 

Repeated  twinning  is  not  common  and  parallel  extinction  shows  that 
considerable  orthoclase  is  present,  though  not  the  ruling  feldspar.  Max- 
imum equal  extinction  varied  from  12°  to  16°;  extinction  on  the  un- 
twinned  sections  was  repeatedly  19°  or  20°.  From  this  it  was  inferred 
that  albite  was  again  the  predominating  feldspar. 

*J.  p.  Iddings:  Absarokite-shoshonite-banakite  series.  The  Journal  of  Geology,  vol.  iii,  1895, 
P-M7. 
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Aggregations  of  magnetite,  chlorite,  and  epidote,  as  before,  represen 
the  ferro  inagnesian  constituent  and  suggest  biotite  by  their  forms. 

In  a  cut  on  the  New  England  railroad  near  River  Street  station  then 
is  exposed  a  curiously  brecciated  porphyry. 

Independently  of  its  brecciated  appearance,  the  rock  resembles  tin 
purple  porphyritic  volcanic  from  Central  avenue,  Milton.  A  somewha 
lighter  shade  of  purple  alone  distinguishes  it  in  the  hand  specimen,  anc 
in  the  slide  there  is  an  equally  close  resemblance. 

There  is  the  same  fine  grained  granular  groundmass  crowded  witl 
lath-shaped  and  quadratic  feldspars,  not  often  showing  polysynthetit 
twinning. 

The  extinctions  show  a  soda  feldspar,  and  more  nearly  correspond  U 
the  albite  molecule  than  to  any  other. 

Former  ferro^magnesian  constituents  are  represented  by  areas  o 
chlorite,  epidote,  and  calcite,  with  a  heavy  border  of  granular  magnetite 

That  these  albite-orthoclase  effusives  belong  near  the  trachytes  cai 
hardly  be  doubted.  In  the  absence  of  a  chemical  analysis  of  this  ma 
terial,  no  more  exact  affiliations  can  be  determined.  If  we  adopt  th( 
nomenclature  used  in  the  case  of  the  aporhyplites  and  apoandesites 
these  volcanics  will  be  called  apotrachyte  porphyry. 

Conclusions 

The  volcanics  of  Neponset  valley  thus  fall  into  three  groups — th< 
apo-soda-rhyolite,  apotrachyte  porphyry,  and  apoandesite.  They  an 
characterized  by  a  high  soda  content  and  by  great  alteration  of  origina 
constituents,  with  the  preservation  of  original  structures. 
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Introduction 

P"or  a  region  of  such  geologic  interest  the  Wichita  Mountain  belt  has 
been  but  little  studied.  Rising,  as  these  mountains  do,  through  the 
latter  seditnentaries  of  the  prairie  region  midway  between  the  Rocky 
mountains  and  the  crumpled  paleozoics  of  western  Arkansas,  they  afford 
a  key  to  many  of  the  geological  problems  of  the  great  plains.  A  detailed 
study  of  the  region  is  of  the  first  importance,  if  we  are  ever  to  know  the 
geology  of  the  plains  region.  While  the  present  study  is  far  from  being 
sufBciently  detailed  to  answer  many  of  these  problems,  it  is  believed 
that  important  information  worthy  of  permanent  record  has  been  ob- 
tained. The  survey  was  made  within  the  present  year,  the  month  of 
May  being  devoted  to  the  task. 

XVIII-BuLL.  Geol.  Soc.  Am.,  Vol.  11,  1809  (127) 


128  H.  F.  BAIN — GEOLOGY   OF  THE   WICHITA   MOUNTAINS 

In  the  course  of  the  work  the  author  had  the  constant  and  valuable 
assistance  of  Mr  J.  W.  Finch,  to  whom  he  is  indebted  for  many  facts  of 
observations  and  suggestions  of  value.  He  is  also  in  debt  to  Professor 
R.  D.  Salisbury  for  private  notes  collected  on  a  reconnoissance  trip  earlier 
in  the  present  year.  Permission  to  publish  the  results  is  generously 
given  by  General  Manager  H.  A.  Parker,  of  the  Chicago,  Rock  Island 
and  Pacific  railroad,  under  whose  direction  the  work  was  done. 

Previous  Work  in  the  Region 

The  "  Wichitas  "  are  a  detached  group  of  mountains  of  general  east- 
west  trend  located  within  the  Kiowa  and  Comanche  reservation,  in 
southwestern  Oklahoma.  They  are  not  within  the  area  open  to  settle- 
ment, and  perhaps  in  part  for  this  reason  have  long  been  attractive  to 
the  prospector.  They  have  never  been  geologically  surveyed  in  detail, 
though  several  geologists  have  made  reconnoissance  trips  through  the 
region.  The  first  of  these  was  George  G.  Shumard,  who  was  attached  to 
Marcy's  expedition  to  the  sources  of  the  Red  river  in  1852.*  The  spec- 
imens collected  by  this  expedition  were  studied  by  Edward  Hitchcock,! 
and  chemical  analyses  of  the  ores  and  soils  were  made  by  C.  U.  Shep- 
herd.J  In  1889  Messrs  T.  B.  Comstock  and  W.  F.  Cummings,  of  the 
Texas  Geological  Survey,  made  a  trip  through  the  mountains,  and  their 
results  are  given  in  the  First  Texas  Report.§  This  is  the  only  geological 
paper  especially  devoted  to  the  Wichitas  which  we  have  had  up  to  the 
present.  There  have,  however,  been  several  brief  papers  dealing  with 
the  Wichitas  in  connection  with  neighboring  areas.  Among  them  is  a 
paper  published  by  T.  Wayland  Vaughan  last  July.||  The  latter 
paper  includes  petrograi)hic  notes  by  Doctor  A.  C.  S])encer.  Robert  T. 
Hill  determined  the  height  of  mount  Scott,^  and  has  made  several  inci- 
dental references  to  the  geology  of  the  region.** 

Cummings  and  Comstock  devoted  more  time  to  the  area  than  any  pre- 
vious investigators,  but  their  opinions  seem  to  have  been  very  largely 
colored  by  what  they  had  previously  seen  in  central  Texas.  The  pres- 
ent work  has  shown  that  they  are  fundamentally  wrong  in  referring  the 
granite  to  the  pre-Cambrian,  since  it  cuts  and  metamorphoses  Ordovician 
strata.     They  are  also  clearly  mistaken  in  indorsing  Hitchcock's  ft  opin- 

*  Senate  Don.,  2d  aess.,  Slst  Congress,  vol.  8,  Washington,  1853,  Appendix  D. 

top.  cit. 

J  Op.  cit..  Appendix  C.  - 

g  (reol.  Surrey  Texa.*i,  vol.  1,  pp.  319-328. 

II  Araer.  Gfiologlet,  vol.  xxiv,  1899,  pp.  44-^7. 

t  Ibid.,  vol.  vii,  1891,  p.  119. 

♦•  Ibid.,  vol.  vii,  p.  254;  vol.  vi,  pp.  252-253.     Amer.  Jour.  Sci.,  (3),  vol.  xlii,  1891,  pp.  122-123. 

tt  Cieol.  Survey  Texas,  vol.  1,  p.  321. 
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ion  that  there  has  been  recent  volcanic  activity  in  the  region.  The 
greenstone  dikes  are  certainly  the  most  recent  igneous  rocks.  The  tuffB 
and  rhyolites  found  are  pre-Cambrian,  and  the  resemblance  of  certain 
of  the  mountains  to  **  an  ancient  crater  "  is  fanciful  only.  It  has  been 
impossible  to  recognize  all  the  peaks  named  by  this  party  and  to  per- 
petuate these  names.  Wherever  the  recognition  seemed  secure  the  names 
have  been  used.  Mount  Webster,  located  and  ascended  by  Marcy'a 
party,  seems  now  unknown.  From  the  general  references  to  its  position 
and  the  sketch  given  of  its  outline  it  seems  probable  that  it  is  the  peak 
now  known  as  Baker,  but  in  the  absence  of  accurate  maps  there  will  for 
some  time  be  confusion  regarding  the  geography  of  the  area  between 
Saddle  mountain  and  the  Mesquite  valley. 

The  maps  of  the  region  are  quite  imperfect.  The  land  survey  seems 
to  have  been  more  than  usually  inexact.  The  sketch  map  (figure  1 ) 
given  with  this  paper  is  from  a  blue  print  of  a  map  made  by  the  railway 
engineers.  The  position  of  the  various  mountains  is  set  down  from 
checked  compass  readings,  where  other  data  are  lacking. 

Physiography 

The  Wichitas  rise  abruptly  from  the  great  prairie  plain  about  midway 
between  the  Washita  and  Red  rivers.  Cache  creek  flows  through  the  low, 
circling  hills  of  the  east  end,  and  on  the  west  the  North  fork  of  Red  river 
separates  the  Wichitas  from  the  Navajo  mountains  which  lie  in  Greer 
county,  Oklahoma. 

The  core  of  the  mountains  is  a  rugged  mass  of  igneous  rocks.  On  the 
north  side,  circling  around  the  east  as  far  west  as  the  south  side  of  Signal 
mountain,  is  a  lower  range  of  limestone  hills  of  less  rugged  aspect  and 
with  rounded  slopes.  These  hills  rise  70  to  400  feet  above  the  i)lain  and 
are  in  part  detached,  such  as  Rainy  mountain  and  the  elevation  near  it, 
and  in  part  massed  together.  These  limestone  hills  are  separated  on 
the  north  from  the  main  mountains  by  a  wide  valley,  down  which  for 
much  of  the  way  Medicine  Bluflf  creek  flows.  This  stream,  which  by 
Marcy's  party  was  evidently  mistaken  for  the  main  branch  of  Cache 
creek,  cuts  through  the  porphyry  of  Carrollton  mountains,  forming  a  sharp 
blufi"  250  to  300  feet  high,  from  which  the  stream  takes  its  name  and 
which  is  regarded  with  a  certain  amount  of  awe  by  the  Indians. 

The  mountains  themselves  consist  of  a  series  of  detached  and  semi- 
detached mountains,  and  are  crossed  by  wide  passes  which  are  nearly 
as  level  as  the  surrounding  plain.  Between  the  mountains  flat  grassy 
plains  are  found  and  spurs  protrude  throu<jh  the  plain  at  some  distance 
from  the  main  mountain  mass.     The  exceedingly  ragged  topography  of 
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the  mountains  proper  and  the  great  detached  blocks  of  graiiite  which 
cover  their  surface  give  as  a  result  the  appearance  of  a  deeply  buried 
range  with  the  tops  just  protruding  through  the  plain.  In  a  way  this  is 
a  true  conception  of  the  case. 

The  northernmost  series  of  hills  consists  mainly  of  limestone,  but  in- 
eludes  some  porphyry,  granite,  and  gabbro.  In  the  vicinity  of  Rainy 
mountain  they  are  made  up  of  a  series  of  detached  and  rounded  lime- 
stone hills  rising  out  of  the  prairie  70  to  400  feet  and  with  a  general  dip 
north.  East  of  this  region,  and  extending  from  north  of  Saddle  moun- 
tain to  a  little  northeast  of  mount  Scott,  the  hills  are  traversed  by  no  pass 


Figure  2. — Sketch  of  Lower  Nattotr^. 
Showing  ftharp  granite  hills  with  flat  plains  between. 

and  consist  of  a  complicated,  much  folded  and  faulted  mass  of  limestone, 
with  porphyry,  granite,  and  a  little  grabbro.  This  series  of  hills  stretches 
north,  with  a  triangular  outline  culminating  about  10  miles  southeast  of 
Mountain  view.  The  pass  north  from  mount  Scott  is  traversed  by  the 
Fort  Sill-Cheyenne  trail,  which  follows  the  narrow  canyon  of  Blue  creek, 
separating  the  range  just  described  from  another  limestone  range.  The 
latter  shows  a  complicated  structure  near  the  pass,  becoming  simpler  to 
the  northeast,  where  the  limestone  crops  out  on  Lime  and  Chandler 
creeks.  To  the  north  the  hills  swing  round,  crescent-like,  to  meet  the 
point  of  the  limestone  triangle  already  noted. 

South  of  the  series  of  limestone  hills,  and  separating  them  from  the 
first  of  the  granite  ranges,  is  the  broad  open  valley  occupied  in  part  by 
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Medicine  Bluff  creek,  5  to  7  miles  wide,  and  trending  with  the  mountains 
The  granites  immediately  south  of  this  valley  form  the  north  range  ol 
the  mountains  proper.  They  extend  on  the  east  ahnost  to  Cache  creek 
in  a  series  of  detached  knobs,  rising  to  the  west  and  culminating  in  mouni 
Cummings.  The  latter  is  separated  from  mount  Scott,  the  highest  peali 
in  the  mountains,  2,305  feet  above  sealevel  and  about  1,500  feet  above  lU 
base,  by  an  open  pass.  Mount  Scott  extends  for  about  5  miles  to  the  wesi 
with  decreasing  altitude,  and  is  separated  from  the  next  peak,  mpun' 
Sheridan,  by  a  narrower,  higher  pass.  From  mount  Sheridan  west  U 
Haystack  mountain,  which  lies  a  little  east  of  south  from  Rainy  moun 


KiuvBK  3. — tSk*feh  of  Ijinrn-  yarrotrs  in  KagyMi/  AtountaiM. 
Showing  semi-d(>t«oh<Mi  oharaoter  f»f  the  peaks. 

Uiin  and  is  in  the  same  locality  as  Tymatee  mountain,  as  located  h\ 
Vaughan,  there  are  no  passes  proper.  About  midway  the  granite  run: 
out  to  the  north  nearly  4  miles  and  culminates  in  the  striking  peal 
called  Saddle  mountain.  From  Haystack  west  nearly  10  miles  is  a  broac 
mesquite  plain,  extending  south  across  the  entire  mountains  and  sepa 
rating  the  main  Wichitas  from  a  series  of  detached  and  irregularly  placet 
mountains  extending  to  the  Red  river  and  known  locally  as  the  Ragged} 
mountains. 

South  of  mount  Scott  and  the  granite  range  of  which  it  is  the  mos 
conspicuous  feature  is  an  o[)en  valley  3  to  5  miles  across,  broken  b] 
irregular  granite  and  porphyry  knobs  rising  150  to  400  feet  above  tin 
general  level  of  the  plain  and  closing  in  to  the  west.    Signal  mountaii 
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and  the  range  of  porphyry  hillB,  including  Medicine  blufl',  and  called  the 
Charlton  mountains  by  Comstock,  pierce  this  valley  from  the  southeast 
with  a  series  of  elevations  of  decreasing  heiglit  and  extending  as  far  west 
as  the  longitude  of  mount  Sheridan.  South  of  the  porphyry  hills  is  the 
main  granite  mass  of  the  south  range.  This  begins  in  an  outlying  bunch 
of  hills  east  of  Beaver  Creek  pass  and  extend  unbroken  westward  to  the 
broad  pass  north  of  Quana  Parkers,  a  Comanche  chief  living  on  West 
Cache  creek.  About  2  miles  east  of  Quanas  the  range  throws  out  a  long 
low  spur  to  the  south.  West  from  Quanas  the  njountains  are  unbroken 
to  the  Mesquite  valley,  already  described.  The  intermontane  valley  is 
more  and  more  broken  by  mountains  to  the  west  until  it  becomes  too 
obscure  for  recognition,  and  the  mountains  face  the  Mesquite  valley 
along  the  eastern  edge  in  a  practically  unbroken  range. 

West  of  Mesquite  valley  and  extending  to  the  Red  river  is  a  group  of 
detached  peaks  known  locally  as  the  Raggedy  mountains.  Otter  creek 
flows  through  them  and  at  two  points  on  its  course  cuts  gorges  known 
as  the  Upper  and  Lower  narrows.  The  former  is  located  in  township  4 
north,  range  17  west,  and  latter  in  the  southern  portion  of  the  first  town- 
ship south  of  this.  Iron  mountain,  as  located  by  Vaughan,  is  one  of  the 
peaks  lying  northeast  of  the  Upper  narrows,  and  Round  mountain  would 
lie  west  of  them,  in  the  region  where  there  has  been  so  much  surrep- 
titious prospecting. 

Rocks  Present 

The  rocks  forming  the  Wichita  mountains  include  granites,  gabbros, 
and  porphyries  in  their  various  phases,  and  a  series  of  Cambrian  and 
Ordovician  sediments,  principally  limestones.  The  oldest  rocks  in  the 
region  are  the  Raggedy  Mountain  gabbro  and  the  Carrollton  Mountain 
i)orphyry.  The  relations  of  the  two  are  not  certain  beyond  dispute,  but 
a|)parently  the  gabbro  is  the  older.  In  a  general  way  the  gabbro  is  more 
prominent  in  the  western  portion  of  the  mountains,  being  especially  well 
developed  in  the  Raggedy  mountains,  while  the  porphyry  is  more  common 
in  the  east.  Both  are  pre-Cambrian  and  perhaps  Archean.  These  rocks 
formed  an  old  land-mass  or  island  around  which  the  sediments  were  laid 
down.  The  latter  begin  with  a  conglomerate  carrying  fragments  of 
porphyry  and  gabbro,  but  none  of  granite,  and  run  up  through  the 
quartzose  sandstone,  calcareous  sandstone,  and  arenaceous  limestones  of 
the  Blue  Creek  series,  and  so  into  the  Rainy  Mountain  limestone  proper. 
At  its  base  the  series  carries  definite  Cambrian  fossils,  and  higher  up 
Ordovician  (Lower  Silurian)  fossils  are  found.  Allowing  for  dip  and 
faults,  a  thickness  of  a  trifle  over  4,000  feet  of  these  beds  is  exposed. 
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They  are  best  displayed  on  the  north  side  of  the  mountains,  but  sweep 
around  the  eastern  end,  and  are  found  so  far  west  as  Signal  mountain  or 
the  south  side.  Beyond  this  point  they  seem  to  be  buried  beneath  later 
material. 

The  Quana  granite,  so  named  from  a  prominent  chief,  near  whose 
lodge  it  is  well  exposed,  is  eruptive,  cutting  the  porphyry  and  the  gabbrc 
at  many  points  and  exhibiting  all  the  usual  contact  phenomena.  A 
great  dike  of  granite  running  from  mount  Scott  north  has  disturbed  and 
metamorphosed  both  the  porphyry  and  the  limestone,  proving  that  the 
granite  is  later  in  age  than  either.     Additional  proof  is  found  in  certair 


FiuVBK  ^.—Genrral  View  of  Granite  HilUt  of  Oie  South  Range  near  Quanas. 
LookiDg  south. 


beds,  called  here  the  Geronimo  series,  east  of  Cache  creek,  near  Fort  Sill 
In  some  mesas  nearly  east  of  Fort  Sill  agency,  there  is  a  series  of  sandy 
shales  capped  by  limestone.  These  are  east  of  the  Fort  Sill  limestone 
quarries  and  from  the  dip  presumably  represent  a  higher  horizon.  The 
shales  include  a  conglomerate  bed  which  shows  fragments  of  the  pre- 
existing limestone,  porphyry,  and  granite.  They  belong  accordingly  tc 
a  series  later  than  the  Ordovician,  already  described.  The  age  of  the 
series  is  not  certain,  but  its  appearance  suggests  Paleozoic. 

There  is  a  series  of  dikes  of  fine-grained  greenstone  of  as  yet  unde 
termined  character,  which  cuts  granite,  gabbro,  and  porphyry  alike 
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There  are  also  quartz  veins  in  the  granite  and  porphyry  and  in  the 
gabbro  in  connection  with  granite  dikes. 

Recapitulating,  the  various  rocks  found  in  the  mountains  are  shown 
in  the  following  table : 


Formation. 


Character  of  the  rocks. 


Age. 


Red  beds 

Geronimo  series. 

Dike  rocks 

Quartz  veins . . . . 
Qaana  granite. . . 


Rainy  Mountain 
limestone. 


Blue  Creek  series. . . 


Carrollton  Mountain 
porphyry. 


Ka«redy    Mountain 
gabbo. 


Sandstone  and  shales. 


Sandstone  conglomerate,  shales,  and  lime- 
stones ;  carries  asphaltum. 

Fine-grained  greenstones  of  various  types. 

Cut  by  dikes . .   

Eruptive  through  earlier  formations  and 
furnisliing  debris  to  the  Geronimo 
series. 

Blue  and  gray  limestone  folded  and  meta- 
morphosed by  the  granite ;  conformable 
on  the  earlier  sediments. 

Conglomerates,  quartzites,  sandstones, 
i-unnin^  up  without  break  into  the 
Rainy  Mountain  limestone  and  uncon- 
formable on  the  earlier  rocks. 

Including  rhyolites,  amygdaloids,  and 
some  tuffs.  The  Saddle  Mountain  por- 
phyry, of  slightly  different  type,  proba- 
bly belongs  here. 

Including  a  considerable  variety  of  basic 
rocks  here  regarded  as  facies  of  one 
magma.  Possibly  eruptive  through  the 
porphyry,  but  not  certainly  so. 


Permian. 
?  ? 

May  be  later. 

May  be  in  part 
earlier. 


Ordovician. 


Cambrian. 


Archean  (?) 


Archean  (?) 


Crystalline  Rocks 


CLASSIFICATION 

As  has  already  been  stated,  the  central  core  of  the  mountains  consists 
of  crystalline  rocks.  These  include  three  well  marked  and  usually  easily 
distinguished  types  :  (a)  granite,  (h)  porphyry,  (c)  gabbro.  There  are 
also  quartz  veins  and  greenstone  dikes.  There  has  as  yet  been  no  oppor- 
tunity to  make  microscopic  studies  of  these  rocks,  but  there  is  no  reason 
to  believe  them  greatly  different  from  the  rocks  examined  by  Spencer* 

*Anier.  Geologist,  July,  1809,  pp.  47,  48. 
XIX— Bull.  Gboi»  Soc.  Am.,  Vol.  II.  1899 
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and  collect-ed  in  the  same  region.     What  is  said  here  is  based  on  macro- 
scopic observation  only. 

RAQQEDY  MOUNTAIN  QABBRO 

With  the  gabbro  are  classed  here  a  considerable  variety  of  dark  basic 
rocks,  some  of  which,  occurring  in  dikes,  may  prove  to  belong  rather 
with  the  diabases.  The  normal  type  is  a  dark  holocrystalline  rock  show- 
ing pyroxene  and  labradorite.  West  of  Otter  creek  the  rock  shows  fre- 
quently great  masses  6  to  8  inches  across  of  pyroxene.  Ilmenite  is  not 
uncommon,  and  has  been  mistaken  for  tin  ore.  The  gabbro  areas  are 
characterized  by  low,  almost  flat  surfaces  (see  plate  15,  figure  1).  The 
rock  apparently  weathers  down  rapidly,  and  east  of  Mesquite  valley 
nowhere  rises  in  sharp  hills.  It  occurs  along  Medicine  Bluff  creek  on 
the  north  flank  of  mount  Scott,  where  it  is  coarse  grained  and  apparently 
properly  an  anorthosite,  and  in  the  embayment  between  mount  Sheridan 
and  Saddle  mountain.  It  is  found  in  limited  areas  north  of  Medicine 
Bluff  creek,  rising  from  beneath  the  limestone.  It  was  noted  also  in 
what  has  been  called  the  central  valley  of  the  mountains,  and  is  abund- 
ant along  the  west  flank  of  the  mountains  facing  Mesquite  valley.  Ix>w 
knobs  of  this  rock  project  through  the  floor  of  the  valley,  and  near 
the  Upper  Narrows  it  forms  hills  rising  500  feet  along  the  creek.  The 
relations  of  the  granite  to  the  main  gabbro  mass  is  beyond  dispute. 
Northwest  of  mount  Scott  the  granite  was  seen  to  cut  the  gabbro  at 
two  points.  Along  the  west  flank  of  the  mountains  granite  dikes  run- 
ning out  into  the  gabbro  are  quite  common.  On  Otter  creek,  about 
half  way  between  the  Ui)per  and  Lower  narrows  a  boss  of  granite  rises 
through  a  sheet  of  gabbro  and  sends  out  stringers  into  the  latter  on  all 
sides.  Figure  2  of  plate  15  represents  a  horizontal  granite  dike  cutting 
the  gabbro  of  one  of  the  high  hills  west  of  Otter  creek.  The  presence 
of  a  small  stringer  of  granite  running  off  from  the  dike  and  a  sharp 
covered  block  of  gabbro  imbedded  in  the  granite  is  conclusive. 

The  relations  of  the  gabbro  to  the  porphyry  and  associated  rocks  is 
not  so  clear.  In  the  Blue  Creek  canyon  a  gabbro  area  was  noted  wholly 
within  the  porphyry  and  apparently  under  it.  Near  the  sajne  area  a 
dike  of  gabbro  cuts  the  porphyry.  The  gabbro,  as  well  as  the  porj>hyry, 
has  furnished  material  to  the  Cambrian  basal  conglomerates.  Not  all, 
however,  of  these  basic  rocks  belong  with  the  main  gabbro  mass,  since 
in  the  Carrollton  mountains  a  quartz  vein  cutting  the  porphyry  is  in 
turn  cut  by  a  greenstone  dike. 

CARROLLTON  MOUNTAIN  PORPHYRY 

There  are  two  types  or  porphyry  found  in  the  region.  The  first  has 
a  fine  pink  ground-mass,  is  set  with  phenocrystsof  orthoclase  and  clear 
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Fuji'ttK  L — Gbanite  Dike  in  Gaiibro 
riliowiiig  htringer  iiixl  horse 


QABBRO  SURFACE  AND  GRANITE   DIKE 


3E0L.  SOC.  AM. 

VOL.  11,  18 

99    PL.  16 

t^ 

^ 

I^H^^^ 

L    & 

^^^^^^^^^B 

La.  SI 

f^       '--^^M 

■wv. 

^     , 

FkjI'UK    1.  — ClCARArTKIUHTir    ViKW    Of   (lUANITK   TaI.US    OX    SlDF.   OF    MOVXT   SrOTT 


I'll. I   UK    •_'.-<  .ICSM  IK    K()(  IKKIt    ON    '1' A  HI  I.IA  M>    Sol  JH    nY    MolST    ! 


GRANITE  TALUS  AND  GRANITE  BOULDER 


CARROLLTON   PORPHYRY   AND  QUANA   GRANITE  137 

quartz.  The  latter  is  especially  common  in  the  porphyr}-  of  the  Carroll- 
ton  mountains.  In  general,  the  porphyry  does  not  take  on  a  granitic 
phase,  though  a  few  such  instances  were  noted.  In  Blue  Creek  canyon 
there  are  associated  with  the  porphyry  certain  eoryolites,  showing 
lithophysae  and  other  rocks  apparently  rhyolitic  and  tuflPaceous.  It  is 
this  pink  porphyry  which  forms  the  common  type  of  the  mountains 
and  is  seen  south  and  east  of  mount  Scott,  in  the  CarroUton  mountains, 
in  Signal  mountain,  and  in  the  limestone  hills  north  of  the  main  range, 
where  it  forms  the  platform  upon  which  the  Cambrian  conglomerate 
rests  and  has  been  brought  up  by  faulting.  The  second  type  of  porphyry 
was  noted  only  along  the  north  flank  of  the  main  granite  range  west  of 
Saddle  mountain.  It  diflfers  from  the  usual  type  in  having  a  much 
darker  ground-mass,  which  may  be  a  wholly  inconsequential  difference. 
Wherever  the  porphyry  outcrops  it  shows  a  characteristic  topography, 
forming  rounded  hills,  with  smooth  flowing  contours.  It  is  often  much 
shattered,  and  the  surface  of  such  hills  usually  shows  many  small  sharp- 
e<lged  fragments  of  rock,  as  distinguished  from  the  granite  and  gabbro 
outcrops,  which  are  characterized  by  rounded  boulders  of  disintegration. 

qUANA  GRANITE 

This  is  by  far  the  most  common  crystalline  rock  in  the  region,  and 
shows  but  little  variation  in  character.  The  rock  is  predominantly 
feldspathic,  with  a  subordinate  amount  of  quartz,  and  a  still  smaller 
amount  of  a  green  mineral,  presumably  hornblende.  So  far  as  was  ob- 
served, the  granite  is  wholly  free  from  mica,  and  in  fact  mica  was  only 
found  in  two  localities,  where  it  occurs  in  small  yellow  flakes  in  connec- 
tion with  certain  dikes  of  granular  white  quartz  radiating  from  the  granite 
mass  and  cutting  the  gabbro.  Granite  forms  the  bulk  of  mounts  Scott, 
Sheridan,  Baker,  Haystack,  and  Saddle  mountain,  and  in  fact  all  the 
more  prominent  peaks.  It  weathers  characteristically  into  large  bouldei*s 
marked  off  by  joint  cracks.  On  the  top  of  a  large  tabular  mountain  just 
east  of  the  Mesquite  valley  one  such  boulder  of  disintegration  was  seen, 
measuring  60  by  40  by  30  feet.  Figure  1  of  plate  16  shows  a  character- 
istic view  on  the  side  of  mount  Scott,  and  figure  2  of  the  same  plate 
gives  one  a  correct  impression  of  the  size  of  the  blocks  on  the  lowland. 
These  boulders  are  so  common  that  over  much  of  the  granite  area  it  is 
difficult  to  find  exposures  of  the  solid  rock. 

The  granite  has  suffered  much  deformation.  Shear  zones  are  not  un- 
common, and  faulting  with  well  developed  slickensides  was  repeatedly 
observed.  The  rock  is  eruptive  through  the  gabbro,  as  already  shown, 
and  its  relations  to  the  porphyry  are  quite  as  clear.  At  contacts  ob- 
served on  the  southwest  flank  of  mount  Scott  the  granite  was  seen  to 
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send  off  stringers  into  the  porphyry.  It  becomes,  too,  notably  finer  in 
grain,  while  the  porphyry  is  not  changed  in  general  character,  though 
it  is  badly  shattered  near  granite  outcrops.  In  Blue  Creek  canyon  the 
porphyry  platform  upon  which  the  Cambrian  conglomerate  was  de- 
posited has  been  sharply  tilted  by  the  granitic  intrusion.  The  relations 
of  the  granite  to  the  limestone  are  clear  from  the  three  facts:  (a)  At  an 
actual  contact  observed  on  the  west  side  of  the  Blue  Creek  canyon  the 
dark  earthy  limestone  had  been  recrystallized  into  a  white, coarse  marble  ; 
(b)  in  the  same  vicinity  the  intrusion  of  the  granite  had  tilted  the  por- 
phyry and  its  covering  of  sedimentaries ;  (c)  the  basal  conglomerate  con- 
tains everywhere  fragments  of  both  porpliyry  and  gabbro,  but  no  granite, 
though  the  latter  could  not  have  been  more  difficult  of  access,  assuming 
it  to  have  been  pre-Cambrian. 

It  is  only  in  the  later  conglomerates  of  the  Geronimo  series  that  granite 
pebbles  appear. 

LATER  ERUPTIVRS 

At  several  points  the  granite  is  cut  by  greenstone  dikes.  At  one  point 
in  the  Raggedy  mountains  three  generations  of  the  greenstone,  including 
the  original  gabbro,  can  be  counted.  Quartz  veins,  some  of  them  gran- 
ular and  carrying  mica,  also  cut  the  granite.  The  best  known  of  these 
veins  is  the  one  separating  the  easternmost  from  the  middle  porphyry 
hill  at  Medicine  bluff,  in  the  Carrollton  mountains.  This  vein  is  12  feet 
wide  and  shows  plainly  on  both  sides  of  Medicine  Bluff  creek.  It  is  cut 
by  a  small  greenstone  dike  and  was  noted  by  Marcy. 

Sedimentaries 

blue  creek  series  and  rainy  mountain  limestone 

The  character  and  relations  of  the  sedimentary  series  can  perhai)s  be 
best  made  out  from  the  exposures  around  Canyon  Creek  camp,  which 
was  located  on  the  Fort  Sill-Cheyenne  trail  about  7  miles  north  of  mount 

Scott  and  in  the  canyon  cut 
by  Blue  creek.  The  trail 
enters  the  limestone  hills 
from  the  south  and  runs  for 
some  distance   on  granite, 

Yiav^it  b.—Crvshed  Anticline  and  0\'erthni8t  Fault  in  Lime-      ^     ^'  -%  i       ^  .    im 

.tone,  north  of  Mount  Scott.  belicvcd  to  be  a  great  dike 

running  off  from  the  Mount 
Scott  mass.  To  the  west  is  a  great  complex  of  highly  contorted  lime- 
stone, changing  into  marble  at  the  contact  with  the  granite,  and  extend- 
ing with  many  conflicting  dips  nearly  to  Rainy  mountain.    Figures  1 
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and  2  of  plate  17  will  show  how  sharply  the  limestone  is  folded,  and 
figure  5  is  a  rough  sketch  of  a  crushed  anticline  and  overthrust  fault 
chosen  as  one  of  many  possible  illustrations.  There  are  anticlines  with 
almost  vertical  pitch,  and  the  rocks  have  evidently  sufifered  very  much 


T  4  5  Z 

FiouRB  6. — Scdinientaries :   Bine  Creek  Series  rastimf  on  Porphyry ^  north  of  Mount  Scott. 

disturbance.  It  may  be  tentatively  suggested,  though  the  data  collected 
hardly  warrant  any  generalization,  that  the  rocks  seem  to  have  been 
first  thrown  into  a  series  of  east- west  folds  parallel  to  the  main  mountain 
range,  and  then  thrown  into  cross-folds  by  the  intrusion  of  the  local 
granite  mass. 

To  the  east  of  the  trail  are  high  porphyry  hills  covered  by  a  sedimentary 
sequence  having  a  fairly  uniform  strike  and  dip.  Near  the  mouth  of  the 
canyon  a  fault  repeats  the  sequence  as  if  to  enable  the  geologist  to  check 
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FiGU&E  7. — Repetition  of  Cambrian  Strata  by  Faulting^  north  of  Mount  Hcott. 

his  work.  Figure  6  represents  the  basal  portion  of  the  section  as  far  as 
the  fault.  In  figure  7  the  fault  and  repetition  are  shown.  The  general 
section  of  the  beds  from  the  base  up  is  as  follows  : 

Feet 

1.  Porphyry,  red,  usual  type. 

2.  Sandstone,  white,  rounded  grains,  quartzitic,  with  one  small   dip  fault; 

dip,  28  degrees 50 

o.  Ck)iigIomerate,  dark  colored,  porphyry  pebbles  set  in  matrix  of  green  sand 
seemingly  derived  from  disintej^ration  of  basic  rocks  ;  Cambrian  fossils ; 
dip,  30  degrees.     250 

4.  Coarse  grained  crystalline  limestone  with  particles  of  majijnetite  and  horn- 

blende ;  dip,  29  degrees 30 

5.  Dark  sandstone,  conglomeratic,  with  porphyry  pebbles  and  much  horn- 

blende ;  dip,  24  degrees 180 

6.  VVhite  calcareous  sandstone  weathering:  cavernous • '.         70 

7.  Limeetone,  blue,  with  fossils  (Cambrian)  ranging  from  40  to  50  feet  near 

the  middle  ;  dip,  29  degrees  at  base,  becoming  5  degrees  at  top 110 

Fault  repeating  first  seven  numl^ers. 
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Feet 

8.  Limestone,  thin  ehaly,  with  some  sandy  material 50 

9.  Limestone,  blue,  heavily  bedded  450 

10.  Limestone,  thin  l)edded,  sandy 80 

11.  Jjimestone,  heavy,  blue ;  dip,  35  dej^rees 510 

12.  Limestone,  brecciated,  rounded,  and  angular;  fraj^ments  imbedded  in 

calcarous  matrix ;  no  evidence  of  especial  crushinjr 10 

13.  Limestone,  bhie.  earthy,  with  chert  for  a  thickness  of  100  feet  600  feet 

above  base,  and  fossils  near  top 1,250 

It  is  possible  that  numbers  10  and  11  are  repetitions  of  8  and  9,  due 
to  an  obscure  dip  fault,  but  it  was  impossible  to  determine  this  absolutely- 
Number  13  seems  to  represent  the  same  horizon  as  that  from  which  nu- 
merous fossils  were  collected  in  the  hills  east  of  Rainy  mountain,  and 
would  accordingly  be  Calciferous.  According  to  this  determination  the 
section  was  not  at  this  point  carried  up  to  the  Trenton.  A  total  thickness 
of  more  than  4,000  feet  was  measured  in  this  vicinity,  and  it  is  doubted 
whether  the  combined  Cambrian  and  Ordovician  much  exceed  this  thick- 
ness, though  in  view  of  the  changes  in  dip  and  liability  to  faults  the  ques- 
tion must  for  the  present  remain  open. 

At  Rainy  mountain  the  lower  beds  are  not  shown,  and  the  Trenton 
only  is  exposed.  The  Calciferous  is  exposed  in  the  group  of  detached 
hills  east  of  the  school,  and  on  the  plain  between  these  hills  and  the 
mountains  there  is  a  suggestion  of  the  basal  conglomerate  at  the  proper 
horizon.  These  basal  beds  are  shown  again  at  the  granite  and  porphyry 
hills,  about  10  miles  southeast  of  Mountain  view,  and  at  the  east  end  of 
the  Carroll  ton  mountains,  just  west  of  the  rifle  range  at  Fort  Sill,  as  well 
as  on  the  south  side  of  Signal  mountain.  No  trace  of  any  sedimentary 
rocks  was  found  on  the  south  side  of  the  mountains  west  of  this  point. 

OEIiONJMO  SERIES* 

Rocks  later  than  the  Trenton  w^ere  only  seen  southeast  of  Fort  Sill- 
East  of  Cache  creek  and  near  the  southeastern  corner  of  the  military 
reservation  are  certain  limestone  mesas  known  because  of  the  presence 
of  a  number  of  asphaltura  springs.  This  series  of  rocks  include  much 
shale  and  sandy  limef^tone.  Ft  is  characterized  by  low  dips  and  extends 
some  distance  east  of  Fort  Sill,  on  the  Marlow  trail.  Near  the  base  of 
the  series  the  shales  are  interbedded  with  a  conglomerate  having  a  cal- 
careous matrix  and  carrying  large,  2-inch,  rounded  pebbles  of  granite, 
porphyry,  and  limestone.  Unfortunately,  no  recognizable  fossils  were 
obtained  from  either  the  shales  or  the  overlying  limestones,  and  hence 


♦  In  the  abHenee  of  any  raore  availal»le  nanio,  this  «4erit*«  is  called  after  the  famoUN  AfMiche  chief, 
who  now  lives  as  a  prisoner  of  war  at  Fort  Sill. 
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all  evidence  as  to  the  &^e  of  the  beds  must  be  derived  from  the  stratig- 
raphy. They  are  manifestly  later  than  the  granite  intrusion,  and  in 
composition  and  character  resemble  the  known  Paleozoic  rocks  of  the 
region.  They  are  earlier  than  the  Red  beds  (Permian),  as  they  pass 
under  the  latter.  It  is  to  be  hoped  that  further  study  may  be  devoted 
to  them. 

BED  BEDS 

The  sandstones  and  shales  of  the  Permian  cover  much  of  the  prairie 
between  the  Washita  river  and  the  mountains.  They  were  observed  at 
many  points  in  the  course  of  the  present  work,  but  nothing  with  regard 
to  them  can  be  added  to  previous  knowledge.  They  were  nowhere  seen 
to  have  been  involved  in  the  dynamic  movements  which  have  given  a 
slight  dip  even  to  the  Geronimo  beds.  They  were  seen  quite  near  the 
mountains  and  wholly  undisturbed.  It  would  not  be  strange  if  at  some 
point  escaping  observation  they  showed  a  certain  amount  of  disturbance 
which  might  be  traced  to  relatively  recent  and  slight  movements. 

CBETA  CEO  us  A  ND  TEB  TIA B  Y 

Mr  Robert  T.  Hill  reports  the  former  entirely  absent  from  the  moun- 
tains, and  this  accords  entirely  with  our  own  observations.  Comstock 
has  assigned  to  the  latter,  under  the  name  of  Fort  Sill  beds,  certain  of 
the  surface  materials  covering  the  intermontane  pastures.  There  seems 
no  good  reason  for  this.  The  material  is,  as  Vaughan  remarks,  litho- 
logically  similar  to  that  which  makes  up  the  Red  beds.  Community  of 
genesis  probably  accounts  for  this.  The  outwash  from  the  mountains 
would  be  of  much  the  same  character,  regardless  of  the  time  when  it  was 
deposited,  and,  while  the  matter  may  in  its  present  condition  be  fully 
conceded  to  be  one  mainly  of  opinion,  the  author  is  inclined  to  treat 
these  beds  as  of  recent  origin. 

ALLUVIUM 

Whatever  may  be  the  ultimate  decision  in  regard  to  the  beds  just 
mentioned,  it  is  perfectl}^  certain  that  there  is  along  the  south  side  of  the 
mountains  a  vast  quantity  of  material  which  can  not  be  considered  to  be 
other  than  recent.  On  West  Cache  creek  beyond  Quanas  there  are  great 
beds  of  sand  and  recent  conglomerate  rising  50  feet  above  the  present 
stream.  The  passes  in  the  south  range  of  mountains  show  great  alluvial 
fans,  which  curiously  enough  in  one  or  two  instances  seem  to  have  choked 
the  old  passes  and  led  to  the  capture  of  the  headwaters  of  intermontane 
creeks  by  younger  streams,  which  have  cut  new  and  sharp  walled  canyons 
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through  the  south  granite  range.  This  outwash  is  far  heavier  on  the 
south  than  the  north  side  of  the  mountains,  and  boulders  6  to  8  inches 
in  diameter  were  quite  frequently  found  as  much  as  15  miles  south  of 
the  mountains  in  such  quantity  as  to  preclude  any  hypothesis  of  their 
adventitious  character.  The  suggestion  is  that  there  has  been  a  marked 
differential  rise  to  the  north,  and  that  any  early  limestone  hills  on  the 
south  have  been  buried  by  Permian  and  recent  outwash. 

Age  of  the  Mountains 

The  preceding  sketch  of  the  geology  has  perhaps  shown  clearly  enou.di 
what  the  conclusion  must  be  as  to  the  age  of  the  mountains,  but  possi- 
bly a  word  or  two  of  summary  may  not  be  out  of  place.  It  is  evident 
that  there  was  a  pre-Cambrian  land-mass  of  igneous  rocks,  and  that  over 
this  was  laid  down  an  undisturbed  sequence  stretching  from  the  Cam- 
brian up  to  and  including  the  Trenton.  Then  came  the  main  upheaval 
and  the  intrusion  of  the  granite.  Around  the  edge  of  the  new  moun- 
tains the  Geronimo  series  was  laid  down.  The  shearing  and  faulting  of 
the  granite  and  the  presence  of  greenstone  dikes  cutting  it,  with  the 
true  though  slight  dip  of  the  Geronimo  beds,  indicate  later  disturbances 
of  lesser  degree.  Since  the  intrusion  of  the  granite,  however,  the  main 
history  of  the  region  has  been  one  of  vigorous  and  long  continued  ero- 
sion, through  which  the  mechanical  sediments  of  the  Red  beds  and  later 
deposits  were  prepared  and  distributed.  That  there  was  a  notable  in- 
terval of  erosion  between  the  intrusion  of  the  granite  and  the  Geronimo 
beds  is  shown  by  the  presence  of  granite  pebbles  in  the  latter.  Granite 
being  intrusive,  these  pebbles  could  only  be  obtained  after  the  erosion 
of  a  considerable  sunount  of  rock. 

Report  on  the  Fossil^  from  the  Wichita  Mountains  by  Stuart 

Weller 

The  following  determinations  of  the  geologic  horizons  in  the  Wichita 
mountains  have  been  made  from  a  small  collection  of  fossils  submitted 
to  me  by  Mr  H.  F.  Bain,  supplemented  by  a  small  collection  secured 
by  Professor  R.  D.  Salisbury.  The  fossils  are  all  poorly  preserve*! 
and  in  almost  every  instance  are  imperfect  or  fragmentary,  so  that  defi- 
nite identification  of  the  species  is  in  most  cases  not  practicable.  They 
indicate,  however,  the  presence  of  three  distinct  horizons,  the  lowest  of 
which  may  be  referred  to  the  Cambrian  and  the  two  upper  ones  to  the 
Ordovician. 
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Most  of  the  material  identified  as  Cambrian  was  collected  at  "  Canyon 
Creek  camp."*    The  species  represented  are  as  follows : 

1.  DikeUocephnlux  f  sp.  Tliis  is  the  most  abundant  species  in  the  fauna  and  is 
plated  in  this  jj^nus  with  much  hesitation.  The  glabella  is  usually  all  that  is  pre. 
served.  This  portion  of  the  head  is  rather  strongly  convex,  subquiulrangular  in 
outline,  with  ttie  lateral  margins  nearly  parallel  or  slightly  diverging  anteriorly. 
The  occipital  furrow  is  strongly  defines!,  with  one  nmch  fainter  glabella  furrow  sit- 
uated at  about  one-third  the  distance  froth  the  occipital  furrow  to  the  anterior  ex- 
tremity of  the  head.  The  fixed  cheeks  are  rather  broad  and  moderately  convex. 
In  the  lai^sest  and  best  preserved  specimen  the  glabella  is  19  millimeters  long  and 
15  millimeterB  wide.  The  smallest  specimen  is  6  millimeters  long  and  4^  milli- 
meters wide. 

2.  Free  cheek  of  a  trilobite,  possibly  belonging  to  the  species  referred  to  J>ikeL 
locepfudm. 

3.  Ptychoparia  sp.     A  single  imperfect  liead  shield. 

4.  Undetermined  coiled  gasteropod  shell  with  an  elaborate  spire. 

5.  Oboelkt  t  sp.    Two  fragments. 

A  few  specimens  bearing  the  label  **  Fossils  from  conglomerate  in 
sandstone  east  of  granite  dike^f.^lso  prove  to  be  .Cambrian,  the 
species  recognized  being  as  follows  : 

1.  Ptychoparia^  sp.  undetermined.     A  single  well  preserved  cephalon. 

2.  Fragments  of  several  trilobites  too  imperfectly  preserved  for  identification. 

All  of  these  fossils  would  seem  to^indicate  an  Upper  Cambrian  horizon. 

The  fossils  of  the  second  horizon,  the  Calciferous  of  the  Lower  Ordo- 
vician,  are  for  the  most  part  from  the  limestone  hills  east  of  Rainy 
mountain.  They  were  collected  from  several  localities,  but  as  they  all 
seem  to  belong  to  a  single  general  horizon,  they  will  be  listed  all  together.]: 

1.  Pygidium  of  trilobite.    Balhyurusf  sp. 

2.  Pygidium  of  undetermined  trilobite. 

3.  CyrlocnaSj  1  or  2  species. 

4.  Hormotoma  sp. 

6.  Lophotpira  casgina,  Whitf.  ? 

6.  One  or  two  species  of  coiled  gasteropods  like  Holopea. 

7.  RaphiUoma  t  Irochiscus,  Meek  ? 

8.  OphUeta  complanata  var.  ? 

9.  Bucaniasp, 

10.  Two  or  three  additional  species  of  coiled  gasteropods  represented  by  frag- 

ments. 

11.  OrthtB  or  Strophomma  sp.    Several  undeterminate  fragments  belonging  to 

one  or  the  other  of  these  genera. 

*  Located  in  Blue  Creek  canyon/about  7  miles  due  north  of  mount  Scott, 
t  Number  2  Blue  Creek  section. 

tVaughan  (Amer.  Geologist,  July,  1899,  p.  49)  collected  Rhaphistoma  and  Ophilefa  eomplnnata 
fu.  nana^  as  determined  by  Girty  from  this  general  locality.— H.  F.  B. 

XX'BULL.  GioL.  Soo.  Am.,  Vol.  11,  1899 
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From  the  limestone  of  the  Fort  Sill  quarry  a  few  species  were  secured, 
as  follows :  * 

1.  Ophileia  sp. 

2.  Fragments  of  trilobites,  genus  and  species  undetermined. 

While  all  these  fossils  are  in  a  very  unsatisfactory  condition  for  deter- 
mination, there  seems  to  be  no  doubt  of  their  Calciferous  or  Chazy  age. 

The  third  horizon  is  that  of  the  Trenton  limestone.  The  only  locality 
from  which  Trenton  fossils  have  been  examined  is  Rainy  mountain.  A 
few  of  these  were  submitted  by  Mr  Bain,  but  most  of  them  were  col- 
lected by  Professor  Salisbury.     The  species  recognized  are  as  follows : 

1.  Ceraurus,  sp.  undetermined. 

2.  hoUlus  gigaa  De  Kay  or  megistos  Locke.     A  single  imperfect  thoracic  segment. 

3.  TrinucUus  concentrictia  £aton. 

4.  RhynchormUa  sp. 

5.  OrthU  (Dalmanella)  testudinaria  Dal. 

6.  Rafinesquina  aUfmaia  Emm. 

7.  Lingula  rectilateralU  Emm. 


•  From  Fort  Sill  VauKhan  reports  Paleophyeua,  Murehitonia^  CyrtoceraSy  lAngueUa  cf.  L.  lamborni, 
and  Ataphaa^  from  which  it  is  suggested  that  the  beds  may  be  as  late  as  the  Trenton.— H.  F.  B. 
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Introduction 


The  two  series  or  formations  whose  floras  form  the  subject  of  this 
paper  are  the  Allegheny  and  the  Kanawha  series.  The  first,  which  is 
typically  developed  in  the  Allegheny  valley  in  western  Pennsylvania, 
comprises  what  has  generally  been  known  as  the  "  Lower  Productive  Coal 
Measures  "  in  the  northern  bituminous  fields.  It  lies  between  the  Home- 
wood  sandstone,  the  upper  member  of  the  Pottsville  formation,  and  the 
Mahoning  sandstone,  a  massive  sandstone  which  forms  the  lower  mem- 
ber of  the  Conemaugh  series  or  "  Lower  Barren  Measures,"  consisting  in 
part  of  red  shales.  The  thickness  of  the  Allegheny  series  in  western 
Pennsylvania  and  northern  West  Virginia  is  usually  about  300  feet. 

The  Kanawha  series  is  typically  exposed  along  the  Great  Kanawhe 
river  in  southern  West  Virginia.  Like  the  Allegheny  series,  this  series 
which  will  be  more  fully  described  on  a  later  page,  lies,  generally  speak- 
ing, between  a  sandstone  group,  including  red  shales,  above  and  the  great 
arenaceous  series  below,  representing  the  Potteville.  It,  likewise,  is  com 
posed  of  shales,  sandstones,  limestones,  etcetera,  and  is  the  most  richlj 
productive  division  of  the  Coal  Measures  in  the  Kanawha  region.  The 
Kanawha  series  develops  a  thickness  of  about  1,200  feet  at  its  easterr 
outcrop. 

On  account  of  a  similarity  in  the  materials  composing  it,  the  similai 
))osition  of  the  series  as  a  whole  in  the  general  lithologic  sequence 
and  the  fact  that  the  Allegheny  series  has  been  stratigraphically  traced 
with  great  detail  as  far  as  central  West  Virginia,  the  Kanawha  series  has 
long  been  regarded  as  in  toto  the  exact,  though  greatly  expanded,  equiv- 
alent of  the  Allegheny  series.  Furthermore,  although  the  stratigraphit 
work  in  the  geographic  interval  appears  to  have  been  somewhat  frag- 
mentary, even  the  much  more  numerous  productive  coals  of  the  Kanawhs 
have  in  recent  years  been  declared  to  be  either  exactly  identical  with  the 
respective  Allegheny  coals  or,  in  view  of  the  excessive  number  in  th( 
Virginian  section,  as  merely  splits  of  the  same. 

In  view  of  these  correlations,  the  paleontologist  who  examines  the  strati- 
graphic  occurrence  and  distribution  of  the  fossil  plants  in  the  middlt 
Carboniferous  along  the  Appalachian  trough  can  not  fail  to  be  surprised 
at  the  great  differences  between  the  floras  of  the  several  groups  of  tbf 
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Allei^heny  series  in  the  bituminous  basins  of  Pennsylvania  or  northern 
West  Virginia  and  those  in  the  corresponding  portions  of  the  Kanawha 
aeries  in  southern  West  Virginia.  It  needs  but  a  casual  inspection  of 
the  floral  succession  in  the  southern  Virginian  district  to  show  that  the 
characteristic  plants  of  the  Allegheny  series  in  the  type  region  of  Penn- 
sylvania first  appear  only  in  the  upper  portion  of  the  section  along  the 
Great  Kanawha,  the  greater  portion  of  the  latter,  including  the  most  im- 
portant coals,  containing  plants  of  manifestly  earlier  age. 

The  purpose  of  this  paper  is  to  present  a  preliminary  statement  of  the 
general  characters  of  the  floras  of  the  Allegheny  series,  the  position  of 
these  floras  in  the  Virginian  section,  and  a  characterization  of  the  floras 
of  the  lower  portion  of  the  Kanawha  series.  Some  general  paleobotanic 
correlations  will  be  given,  together  with  a  brief  statement  of  the  changes 
in  stratigraphy  and  conditions  of  deposition  which  appear  to  be  indi- 
cated by  the  distribution  of  the  fossil  plants. 

Floras  of  the  Allegheny  Series 

TYPE  sections  OF  THE  SERIES,  AND  ITS  SUBDIVISIONS 

The  Allegheny  series  *  or  the  Lower  Productive  Coal  Measures  t  (XIII), 
as  it  has  earlier  and  more  commonly  been  known,  is  typically  repre- 
sented in  the  fourth,  fifth,  and  sixth  bituminous  basins  in  the  Allegheny 
valley  of  western  Pennsylvania.  It  comprises  approximately  300  feet 
of  shales,  sandstones,  and  coals,  with  several  thin  limestones,  lying  be- 
tween the  Homewood  sandstone  (conglomerate),  the  topmost  member 
of  the  Pottsville  formation  (XII),  and  the  Mahoning  sandstone  (locally 
conglomerate),  which  forms  the  base  of  the  Conemaugh  series  or  Lower 
Barren  Measures  (XIV).  This  series,  which  is  comparatively  uniform 
in  this  region,  has  been  described  and  abundantly  illustrated  by  columnar 
sections  in  the  reports  on  Butler,J  Armstrong,§  Clarion,||  Jeflerson,^ 
and  Clearfield**  counties,  and  in  the  Summary  Final  Report  ft  of  the 
Second  Geological  Survey  of  Pennsylvania. 

Typical  sections  are  also  described  in  Rogers's  "  Geology  of  Pennsyl- 
vania" and  Doctor  I.  C.  White's  memoir  "Stratigraphy  of  the  Bitu- 
minous Coal  Fields  of  Pennsylvania,  Ohio,  and  West  Virginia."Jt    ^^  the 

•Ball.  U.  S.  Geol.  Survey,  no.  65,  pp.  66,  M. 

t  Rogers  :  Geology  of  Pennnylvania,  vol.  i,  part  1,  p.  109.    Section?*  described,  vol.  fi,  part  1. 

t  Second  Geological  Survey  of  Pennfiylvania.  Roport  of  pro^rens  in  the  Beaver  River  district  of 
the  bituminous  coal  fields  of  western  PennHylvuniu,  by  I.  ('.  White.  Report  Q,  1878.  Northern 
townships  of  Butler  county,  by  H.  M.  Chance.    Report  V,  1879. 

I  Report  of  progress  in  Armstrong  county,  by  W.  (t.  Piatt.    Report  H^  1880. 

I  Report  of  progress  in  Clarion  county,  by  H.  M.  Chance.    Report  VV,  1880. 

f  Second  report  on  Jefferson  county,  by  W.  G.  Piatt.    Report  H«,  1881. 

•♦Second  report  on  Clearfield  county,  by  H.  M.  Chance.    Report  H',  1884. 

ft  Vol.  iii,  part  2,  Harrisburg,  1883. 

It  Ball.  U.  S.  Geol.  Surrey,  no.  65, 1891. 
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4'  ooal.  Upper  Freeport. 
6'  fireolfty. 

3'  limestone, Upper  Freeport. 
s^S^^^     8'  shale,  with  ore. 
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26'  sandstone. 


A'  shale. 

(y  coal.  Lower  Freeport. 

2*  fireclay. 

3'  limestone.  Lower  Freeport. 


75'  sandstone  and  shale. 
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l(y  shale. 

2'  coal,  Upper  Kittanning. 
3'  fireclay  or  shale. 
2f  limestone,  Johnstown  ce- 
ment bed. 

4(/  shaly  measures. 


2'  coal,  Middle  Kittanning. 
2^  firecjay. 


yy  shale  and  sandstone. 


4'  coal,  Lower  Kittanning. 

25'  Handntono  and  shale,  with 
ore. 


1'  ore,  Bnhr8tone. 

8'  limestone.  Ferriferous. 

T  shale. 

2f  coal,  Clarion,  upper  split. 


25'  ulaty  shale. 


3'  coal,  Clarion,  lower  split. 
2'  fireclay. 

27'  shale  and  sandstone. 


2'  coal,  Brookvilie. 
3'  firooliiy. 
Massive  nandstone  (Pottsville). 

FiouKR  1. — Ocncralized  Scrtion  of  the   Allegheny 
Scriei  in  Clarion  County^  Pennsylvania. 


following  pages  reference  will  fre- 
quently be  made  to  the  very  useful 
and  excellent  work  last  mentioned. 
The  general  composition  of  the 
Allegheny  series  in  northwestern 
Pennsylvania  is  indicated  in  the 
folio  wipg  section,  figure  1,  prepared 
by  Mr  Chance  to  show  the  sequence 
in  Clarion  county.*  It  differs  from 
the  sections  in  Jefferson,  south- 
ern Armstrong,  or  Butler  counties 
chiefly  by  the  development  of  the 
Scrubgrass  coal  and  the  concom- 
itant expansion  of  the  interval  be- 
tween the  Brookvilie  bed  and  the 
"  ferriferous  limestone."t 

CLARION  GROUP 

Plant  beds  of  the  group, — The  in- 
terval embracing  the  lower  portion 
of  the  Allegheny  series,  from  the 
top  of  the  Homewood  sandstone 
(Pottsville  formation)  up  to  the  top 
of  the  "  Ferriferous  limestone/'  is 
known  J  as  the  Clarion  group.  The 
ordinary  thickness  of  this  group 
is  about  70  or  76  feet  in  the  Alle- 
gheny valley.  Two  coals — some- 
times three  or  more,  two  of  which 
are  locally  workable — are  usually 
present  in  this  section. 

In  the  Clarion  group  of  western 
Pennsylvania  determinable  fossil 
plants  are  generally  very  rare,  most 
of  the  scarce  material  from  this 


•  Report  of  Progress,  Second  Geol.  Survey 
Penn.,  VV,  p.  32,  Fig.  2.  Reproduced  by  Doctor 
I.  C.  White :  Bull.  U.  S.  Geol.  Surrey,  no.  65,  p. 
.1(»5,  fig.  55. 

t  Other  typical  sections  for  these  counties  are 
quoted  In  Bull.  U.  S.  Geol.  Surrey,  no.  65,  pp. 
104-111 ;  and  summary  final  report.  Second  Geol. 
Survey  Penna.,  vol.  iii,  part  2,  pp.  449,  460,  etc. 

X  Report  of  Progress,  Second  Geol.  Survey 
Pa.,  VV..  p.  41,  49. 
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r^ion  being  badly  macerated  and  abraded.  Nevertheless,  specimens 
have  been  collected  from  the  roof  of  the  Brookville  coal,  which  usually 
occurs  within  a  few  feet  of  or  almost  on  the  top  of  the  Pottsville  forma- 
tion, at  Port  Barnett,  near  Brookville  (Br.),  and  from  the  roof  shales  of 
the  Clarion  coal  at  Somerville  (Som.),  near  the  Clarion  county  line. 
Fossil  plants  occur  in  this  group  in  Butler  and  Mercer  counties,  where 
they  have  been  collected  at  Grove  City  (G.  C),  Pardoe  (Par.),  and  Filer 
(Fil.),  from  above  the  "  Pardoe  "  coal.  This  coal  is  regarded  by  Doctor 
I.  C.  White  as  equivalent  to  the  Brookville  coal,  though  it  is  thought 
tliat  it  possibly  represents  the  Clarion  coal.  Its  reference  to  the  Clarion 
group  is,  however,  certain. 

Hants  of  the  Clarion  group, — For  the  sake  of  economy  of  space,  the 
species  collected  from  the  relatively  small  stratigraphic  interval  in- 
cluded in  the  Clarion  group  may  be  combined  in  one  list,  from  which 
the  plants  of  each  horizon  may  be  separated  by  referring  to  the  abbre- 
viations given  above.  The  identifications  are  the  result  of  a  preliminary 
study  and  are,  as  such,  subject  to  revision. 

Name.  Locality. 

Mariopteris  cf.  aspera  Brongn Fil. 

Pecopleris  vUlosa  Brongn.* Fil.,  Som. 

cf.  vestUa  Lx.* Br. 

Alethopteris  serlii  (Brongn.)  Goepp G.  C. 

NeuropUris  desorii  Lx.* FiL 

"  rartn«TM  Bunby  * G.  C,  Par. 

ovata  Hoffm.*. . .   Br.,  Fil.,  G.  C,  Som. 

"  vermictdaris  Lx.* Som. 

seheuchzeri  Hoffm.* Br.,  Fil.,  G.  C,  Som. 

Catdopteru  sp Fil. 

AnntUaria  tUUcUa  (Schloth.)  Wood* Fil. 

ifphenophylloides  (Zenk.)  Gutb.* Par. 

Sphenophyllum  emarffincUum  Brongn.*.   Br. 

Lycopodiies  meekii  Lx Par. 

Lepidodendron  dichotomum  Sternb . . Fil. 

"  cf.  andrewsi  Lx.* Par. 

"  cljfpeatum  Lx FiL 

Ijfpidostrobus  geinUzii  Schimp.* Fil. 

Upidophyllum  lanceolalum  L.  &  H.* Par.,  Som. 

Polygporia  sp Fil. 

diigiUaria  cf.  brardii  Brongn Fil. 

(Rhytidolepis)  sp Fil. 

CordaUe$  lacoei  Lx.  ?  * Fil. 

Cardiocarpon  Bp Fil.,  G.  C. 

Rhabdocarpos  muUiMriatuB  (Sternb.)  Lx.* Fil. 

The  species  in  the  above  list  comprise  a  flora  representative  of  the 
lower  portion  of  the  Allegheny  series.    The  forms  marked  by  the  aster- 
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isk  (*)  are  characteristic  of  the  post-Potteville  terranes  in  the  Pennsyl- 
vanian  sections. 

KITTANNING  GROUP 

Plant  beds  of  the  group, — That  portion  of  the  series  extending  from  the 
top  of  the  Ferriferous  limestone  to  the  top  of  the  Upper  Kittanning  coal 
has  been  termed  *  the  Kittanning  group.  In  the  typical  region  this  group 
embraces  about  120  feet,  including  the  three  Kittanning  coals,  the  middle 
one  of  which  is  very  rarely  of  workable  thickness.  That  portion  in  the 
vicinity  of  the  Lower  and  Middle  Kittanning  coals  is  usually  largely  occu- 
pied by  dark  shales,  often  black  and  fissile,  whose  more  common  fossils  are 
marine  or  brackish  water  mollusks.  Plant  remains,  except  fragments  ol 
the  more  indestructible  tissue,  are  generally  very  rare  and  very  poorly 
preserved.  The  uppermost  portion  of  the  series  is  more  arenaceous  and 
phytiferous. 

Since  the  plants  of  the  shales  forming  the  immediate  roof  of  the  Uppei 
Kittanning  coal  mark  the  date  of  the  latter,  I  include  that  flora  in  the 
same  group.  From  the  shales  accompanying  the  Lower  Kittanning  coal 
or  the  "  Dagus  "  coal,  which  is  generally  regarded  as  equivalent  thereto 
fossil  plants  have  been  collected  near  Snowshoe  (Sn.),  Center  county,  th( 
Dagus  mines,  Elk  county,  and  Hommers  (Horn.),  in  Clearfield  county 
The  Miller  coal,  from  the  roof  of  which  plants  were  collected  at  IVout  Rur 
(T.  R.),  in  Cambria  county,  is  supposed  to  represent  the  same  horizon 
Plants  have  been  found  at  the  horizon  of  the  Middle  Kittanning  neai 
Logansport  (Ix^g.),  Armstrong  county,  and  along  the  railway  betweer 
Powelton  and  Electric  (EL),  in  Clearfield  county.  The  environing  shalei 
of  this  coal  generally  contain  little  but  stem  and  Lycopodineous  leaf  frag 
ments.  The  roof  shales  of  the  Upper  Kittanning  are,  however,  frequently 
the  matrix  of  well  preserved  plant  remains.  Fossils  have  been  collecte< 
at  this  level  at  Kittanning  (Kit.),  and  Kelleys  station  (K.  S.),  Armstronf 
county ;  Euclid  (Eu.),  Butler  county ;  Fairmount  (Fair.),  Clarion  county 
and  along  Toby  creek  (T.  C),  in  Clearfield  county.  The  very  rich  flon 
from  Cannelton  (Can.),  Beaver  county,  described  in  '*  The  Coal  Flora,' 
by  Lesquereux,  is  said  by  Doctor  I.  C.  White  f  to  have  come  from  th< 
floor  of  the  Darlington  coal,  which  is  correlated  by  Doctor  White  witl 
the  Upper  Kittanning  coal. 

Species  from  the  Kittanning  group, — In  the  following  list  of  species  fron 
the  Kittanning  group  those  marked  with  the  asterisk  (*)  are,  so  far  as  ii 
known,  characteristic  of  the  post-Pottsville  terranes  in  the  Pennsylvania! 

•Op.  cit.,  p.  33. 

t  Report  of  Progress,  Second  Geol.  Survey  Pa.,  Q,  pp.  61,  54. 
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sections.    A  large  portion  of  the  species  from  Cannelton  are  cited  on  the 
authority  of  Professor  Lesquereux. 

Name.  Locality. 

RhacopUrit  elegans  (Ett )  Schimp.     [LeBq.]t Can. 

Ptnidopecopteris  madUnta  (L.  and  H.)  Lx.  typicaL  Can. 

"  9qwimo$a  (Lx.)* T.  0.,  Can. 

**  hispida  Lx Can. 

**  nummvlaria  (Gutb.)  Lx.* Can. 

**  piiiib<fn«<n(Schloth.)Lx.*   [Lesq.].  Can. 

Mariopteris  siUimanni  (Brongn.)* T.  C,  Can. 

"         nervoM  (Brongn.)  Zeill 8n. ,  Can. 

"         netoberrtfi  (Lx,)* Can. 

l^pJienopUris  Uipulata  Gutb.     [Lesq.] . .    Can. 

•'  canneltoni  D,W* Can. 

**  subalala  Wqibb*    [Lesq.] Can. 

**  charophylloides  (Brongn.)  Presl* Can. 

•*  goniopUroides  Lx.?  * EL 

Aloiopteris  vnnslovii  D.  W.* Sn.,  T.  R.,  Can. 

erosa  (Gntb.)? Can. 

PecofMerix  detUalu  Brongn.* Sn.,  T.  R.,  Can. 

SfuropUris  rarinervis  Bunby.* Can. 

'*  ovcUa  Hoffm,* Kit,  Log..  En., Fair., Sn.,  Horn. , 

T.R.,EL,  T.C.,  Can. 

"         fimhriata  Lx.*. .    Sn.,  Can, 

wrmictttom  Lx.* K.  S.,  EL,  T.  C,  Can. 

'*  aspera  Lx Can. 

icheuchzeri  Hoffm.* Kit.,  T.  C,  En.,  K.  S.,  Fair., 

Sn.,T.  R.,Can. 

clarksoni  Lx.* K.  S.,  Can. 

'*  oblongifolia  Lx.* Can. 

"  rogersi  Lx.* Can. 

"  agasaiziLx.*    [Leeq.] Can. 

"  crrtiti/«to  Brongn ? *    [Lesq.] Can. 

LimfUeris  obligua  (Bunby.)  Pot* Fair.,  EL,  T.  C,  En..  Can. 

(khnlopUris  comtUa  Lx.* Can. 

OvUoplerU  mangJUldi  Lx.* Can. 

oUecla  Lx.* Can. 

'*         oMxi  (Brongn.)  Presl* Can. 

Rktckiopleris  squamoga  Lx Can. 

AphUbia  adnagcais  (L.  and  H.)  Presl Can. 

"      comtUa  (Lx.)     [Lesq.] Can. 

"      JUiciformU  (Gutb.)     [Lesq.] Can. 

"      tricftomanoides  (Goepp.)     [Lesq.] Can. 

"      trkoidta  (Lx.)     [Lesq.] Can. 

••      ihaUiformi*  (Lx.) Can. 

t'*L«sq."  in  brackets  indicates  identification  or  interpretation  of  the  species  by  Professor 
LeiH{uereaz. 
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Namo.  Locality. 

Calamiies  ramogus  Artis Can. 

**       mckowii  Brongn Sn.,  Can. 

"       approximatus  Brongn Can. 

Asterophylhtes  equisetiformis  (Schloth.)   Brongn.*. .  Can. 

Annularia  ramo9a  Weiss Can. 

ttellata  (Schloth.)  Wood.* T.  C,  Can. 

sphenaphyUoides  (Zenk.)  Gutb.* T.  C,  Sn.,  T.  R.,  Can. 

Ckdamoaachys  brevifoliits  Lx Can. 

Sphmophyllum  mqju8  Bronn* Sn.,  Horn.,  Can. 

"  emarginatum  Brongn.* K.  S.,  Sn.,  T.  R.,  T.  C,  EL, Can 

**  schlotheimii  Brongn.*    [Lesq.] Can. 

Lqndodmdron  cf.  briUsii  Lx.* Kit. 

"  dichoiomum  Sternb Log-*  Fair.,  Eu.,  Can. 

V*  acuUcUum  Sternb Can. 

"  modulatum  Lx.* Sn.,  Dag.,  Can. 

*•  rigens  Lx Can. 

Lepidophlaios  auriculalus  Lx.* Can. 

*'  dilatalusLx* Can. 

Halonia  mansfieldi  Lx.* Can. 

Lepidostrobw  cf.  variabilis  L.  and  H Sn.,  Horn.,  Can. 

"  buOeri  Lx.* Can. 

**  goldenbergii  Schimp*    [Lesq.] 8u.,  Can. 

**  gpedabUU  Jjx.* Can. 

LepidophyUum  ctdtrifemne  Lx.* Can. 

•*  foliaceum  Lx, EL?,  En.T,  Kit, Can. 

**  UmceoUUum  L.  and  H.* Can. 

**  mamjieldi  Lx.* Can. 

Ijcpidocystui  truncaitu  Lx. Can. 

"  vesicularis  Lx Can. 

Sigilkma  camptoisenia  Wood  * T.  C. ,  Can, 

**       teM^/oto  (Steinh.)  Brongn.     [Lesq.] Sn. 

Tseriiophyllum  brmfolium  Lx.* Can. 

*'  deflexum  hx,* Can. 

*'  decurrmsLx* Can. 

Desmiophylhtm  gracile  Lx Can. 

DolerophyUocarpum  pennsylvanicum  Dn.* Can. 

Cordaites  barasnfolius  {^t^rnh.)  Vng.     [Lesq.] Can. 

**         mamjieldi  Lx.* Can. 

**         serpens  Lx.* Can. 

**         coslatus  Lx.* Can. 

"  radiaiiis  Lx.* Can. 

Corda'istrobus  grand' euryi  Lx.* Can. 

Cordianthtis  ovatus  Lx.* Can. 

*•  mansfieldi  Lx.*  Can. 

**  costatns  Lx* Can. 

Cordaicarpon  gutbieri  Gein.* Sn.,  Can. 

**  ovxUum  Gr*Ey.*    [Lesq.] Can. 
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Name.  Locality. 

CordmcarjKm  cinctum  Lx.* Cun. 

*'         costatum  Lx.* Can. 

Cardiocarpon  margimUum  (Art.)  Gein.* Can. 

•*         ellipticum  (Sternb.)  Lx.* Can. 

"         pugillum  Lx Can. 

Trigonocarpum  adamsii  Lx.* Can. 

*'  menzelianum  Goepp.  &  Berj?.  [Lesq.]  Can. 

"  grande  Lx.» Sn.,  El.,  Can. 

'*             schuUzianum  Goepi).&  Berg.  [Lesq.]  Can. 
Rhabdocarpos  arcuaiut  Lx Can. 

*'  mbglobosus  Lx Can. 

*'  ^^laxLx.*.. Can. 

**  inflatus  Lx Can. 

**  beinertianus  Goepp.  and  Berg Can. 

'*  jacksonensis  Lx.*    [Lesq.] Can. 

"  (Pachytesta)  mansfieldi  Lx.* Can. 

"  abrwrmafis  Lx Can. 

**  mammiUalus  Lx.* Can. 

Dicranophyllum  dichotomum  Lx.* Can. 

"  dimorphum  Lx.* Can. 

Carpoliihes  cerasiformU  Presl*    [Lesq.] Can. 

**        minimus  Sternb Can. 

"        perpusUluB  Lx Can. 

FRBEPORT  GROUP 

Plant  beds  and  localities. — The  term  "  Freeport  group  "  has  been  ap- 
plied* to  the  remaining  upper  portion  of  the  Allegheny  series,  includ- 
ing the  two  Freeport  coals,  and  extending  from  the  top  of  the  Upper 
Kittanning  coal  to  the  top  of  the  Upper  Freeport  coal.  This  division  of 
the  series  is  subject  to  considerable  variation,  chiefly  by  the  expansion 
of  the  two  Freeport  sandstones ;  but  in  Clarion  county  it  appears  to 
average  about  130  feet  in  thickness. 

In  considering  the  flora  accompanying  the  Upper  Freeport  coal  I  in- 
clude the  plants  in  the  roof  of  that  coal,  though,  strictly  speaking,  the 
shales  belong  to  the  base  of  the  Mahoning  sandstone,  as  that  name  is 
customarily,  but  often  inappropriately,  applied.  From  the  roof  of  the 
Lower  Freeport  coal  collections  of  plants  have  been  made  at  Big  Soldier 
run  (R.),  near  Reynoldsville,  Elk  run  (E.  R.),  and  Horatio  (H.),  near 
Punxsutawney,  in  Jeffferson  county,  and  at  the  Dubois  shaft  (Dub.)  and 
the  Shawmut  mines  (Shaw.),  in  Clearfield  county. 

The  roof  of  the  Upper  Freeport  coal  contains  good  plant  fossils  at  the 
Brackenbush  mine  (Brack.),  about  2  miles  east  of  Freeport,  at  Shenley 

♦  Report  of  Progress,  Second  Geol.  Survey  Pa,,  VV,  pp.  33,  34. 
XXII— Bull.  Obol.  Soo.  Am.,  Vol.  11,  1899 
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(Sh.),  at  the  Gilpin  (Gil.),  and  Haddon  (Had.)  mines,  near  Bagdad,  and 
at  Pine  run,  near  Vandergrift  (Van.),  all  in  the  vicinity  of  Freeport, 
Armstrong  county,  and  at  Coal  Glen  (C.  G.),  in  Jefifereon  county. 

Species  from  the  Freeport  group, — As  in  the  preceding  lists,  the  plants 
from  each  horizon  may  be  separated  by  grouping  the  species  according 
to  the  localities  as  indicated  in  the  abbreviated  forms  therein  given. 

Name.  Locality. 

Mariopteris  nervosa  (Brongn.)  Zeill Shaw.,  Hor.,  Gil.,  E.  R 

"  sillimanni  (Brongn.)  D.  W R.,  Dub.,  Hor. 

Pseudopecopteris sqiuimoM  (Lx.)  (lar^e) Dub.,  Sh. 

Sphenopterispseudomurrayana  Lx.? Hor.,  E.  R. 

**  of.  mixta  Schimp Dub. 

Pecopteris  dentata  Brongn Hor. 

*'        unila  Brongn R.,  C.  G. 

'*        iqiuimosa  Lx 

"        vUloM  Brongn.? Hor.,  Dub.,  Gil.,  Sh.,  Had.,  E.  R., 

Gil.,  R.,  Shaw. 

**        penrueformis  Brongn.     [Lesq. J Sh.,  0.  G. 

"        oreopleridui  (Schloth.)  Brongn Hor.,Dub.,Gil.,Sh.,  E.  R.,R., Shaw. 

**       polymorpfui  Brongn Hor,,  Dub.,  Had.,  E.  R. 

**        pteroides  hrongn.? Dub. 

Alethopteris  serlii  (Brongn.)  Goepp Hor.,  Gil. 

**  pennsylvaiiica  Lx C.  G. 

CaUipteridium  neuropteroides  Lx.? Dub. 

Neuropteris  ovata  HoflTm Brack.,  Gil.,   Sh.,    Hor.,   E.   R. 

Dub.,  R.,  Shaw. 

'*  darksoni  Lx Hor. 

"  scheuchzeri  Hoffni Had.,  Brack.,  Gil.,  Sh.,  Hor.,  E.  R. 

Shaw.,  P.,  Dub.,  C.  G.,  R. 

lAnopteris  ohlupia  (Bunby)  Pot Hor.,  E.  R.,  R. 

OdamUea  cistii  Brongn Sh.,  Hor. 

sp Dub. 

CalamUina  sp R.,  Hor. 

Asterophylliles  eguisetiformis  (Schloth.)  Brongn..  Hor.,  E.  R.,  Dub. 

Annukiria  stellala  (Schloth.)  Wood Had.,  Hor. 

"         sphenophylloides  (Zenk.)  Gutb Hor. 

SphenophyUum  ejnarffinatum  Brongn Brack.,   Gil.,    R.,   Hor.,    E.   R. 

Dub.,  C.  G. 

Lepidodfndron  lanceolaium  Lx.? Dub. 

•*  dicJwiomum  Sternb.? Van.,  Sh.,  R.,  Hor. 

"  modulatum  Lx .  Hor.,  Dub. 

Lepidosirobits  of.  varuthilis  L.  and  H Had.,  Van. 

**  geinitzii  Schimp.? Hor. 

lA'pidophyllum  cuUriforme  Lx R. 

"  haslatum  Lx Sh. 

"  lanceolaium  L.  and  H Hor. 
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Name.  Locality. 

SigiUaria  camploUenia  Wood R.,  Hor. 

CordaiUs  8p 

Rhabdocarpoa  {Pachytetta)  cf.  mansfieldi  Lx. . .   .  Hor. 

GENERAL   CHARACTERISTICS   OP  THE  ALLEGHENY   FLORAS 

As  compared  with  the  floras  of  the  Pottsville  formation,  the  floras  of 
the  Allegheny  series  are  characterized  by  a  marked  difierence  in  the  fern 
species,  the  Annularice  and  the  Sphenophylleae.  Of  most  practical  im- 
portance, however,  are  Neuropteris  ovcUa,  N,  scheuchzeriy  and  SphenophyUum 
marginatum.  In  fact,  these  species  in  typical  forms  are  practically  om- 
nipresent in  the  Allegheny  series,  and  it  is  seldom  that  one  of  these  is 
lacking  even  in  small  and  hastily  made  collections.  Neuropteris  acheuch- 
:m,  in  the  ordinary  form  described  by  Professor  Lesquereux  as  N.  hirsutay 
IS  usually  most  abundant.  Annularia  atdlata  and  A.  sphenophylloides  are 
nearly  always  present  in  any  considerable  quantity  of  material,  even  at 
so  low  a  level  as  the  roof  of  the  Brookville  coal. 

Of  the  Sphenopterids  the  most  common  of  the  typical  Allegheny 
S|)ecies  are  Sphenopteris  mixta,  S.  pinnatifida,  S.  hymenophylloideSy  as  iden- 
tified by  Professor  Lesquereux,  S.  pseudomurrayanay  S,  chaerophyUoideSy  and 
S.  brittni.  The  more  common  species  of  Pseudopecopteria  are  P.  ohtusiloha 
and  P,  aquamoaa.  The  latter  is  generally  represented  in  the  lower  ter- 
ranes  by  the  small  form  described  as  Sphenopteria  aqunvioady  which  in  later 
beds  passes  into  the  form  known  as  Paeudopecopteria  ancepa  Lx.,  or  Sphen- 
opteris neuropteroides  Boul.  The  characteristic  types  of  Mariopteris  are 
those  belonging  to  the  ovata-cordata  group,  represented  by  Mariopteris 
tillimanni.  Mariopteris  nervosa,  or  M.  muricata  var.  nervosa,  is  typically 
common  in  the  Allegheny  series,  though  it  occurs  also  in  the  uppermost 
beds  of  the  Pottsville  formation.  Mariopteris  newberryi  appears  to  be 
characteristic  of  the  Kittanning  group. 

A  conspicuous  feature  in  the  Allegheny  floras  is  the  development  of 
the  Pecopterids.  The  genus  Pecopteris,  which,  as  P.  semdala  Hartt,  makes 
its  appearance  in  the  Upper  (Sewell  division)  Pottsville  of  the  Appa- 
lachian trough  and  which  seems  to  be  represented  by  but  one  or  two 
other  small  species  or  forms  of  the  villous  group  in  the  topmost  beds  of 
the  Pottsville,  is  present  as  P.  denUita  and  the  species  always  doubtfully 
identified  by  Professor  Lesquereux  as  P.  villoaa  Brongn.,  or  P.  vestita  in 
the  lower  beds  of  the  Allegheny  series.  Very  soon,  however,  we  find 
representatives  of  the  Goniopteroid  group,  such  as  P.  unita  and  P.  eraar- 
ginatay  as  well  as  the  larger  villous  types  of  the  genus,  while  in  the  Free- 
port  group  the  large  Neuropteroid  forms,  such  as  P.  polymorpha  and  P. 
pteroides,  are  added  to  the  slightly  earlier  P.  oreopteridia  and  P.  miltoni. 
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Here,  too,  occasional  representatives  of  the  Pecopteris  arborescens  group, 
P.  arborescens,  P,  hemitdioides,  P,  cyathedy  or  P.  lesqnereuxii  are  found.  The 
writer  is  not  certain  of  the  presence  of  the  true  P.  arborescens  at  any 
point  below  the  Freeport  group. 

The  post-Pottsville  floras  of  the  Pennsylvania  sections  are  also  well 
marked  by  their  Neuropteroid  elements.  Neuropieris  vermictdaris,  gener- 
ally characteristic  of  the  lower  group  of  the  Allegheny  series,  is  usually 
accompanied  by  N,  rarinei^vis,  while  such  forms  as  N.  Jimbriata,  N,  dark- 
soni,  N.  griffithii,  or  N.  crenidatn^  usually  at  higher  levels,  are  readily 
recognized.  The  ubiquitous  Nmropttris  ovata  and  N,  scheuchzeri  also 
become  somewhat  modified  in  the  higher  beds,  the  pinnules  of  the  former 
developing  larger  and  less  broadly  attached,  while  those  of  the  latter 
are  more  Ungulate  and  larger.  The  Ungulate  and  the  cuneate-lobed 
types  of  OdontopteriSj  as  well  as  the  entire  genus  Linopteris  {Dietyopteris), 
typified  in  Dictyopteris  obliqua,  appear  to  be  wholly  unknown  below  the 
Allegheny  series  in  the  Pennsylvanian  section;  so  with  the  broad, 
obtuse-pinnuled  species  of  Callipteridhtm, 

The  Calamarian  stems  and  the  trunks  of  Lepidodendron  and  Sigil- 
laria  are  of  very  inferior  stratigraphic  value  as  compared  to  the  ferns. 
However,  in  contrast  to  the  Pottsville  flora,  the  Allegheny  flora  is  char- 
acterized by  the  presence  of  Asterophyllites  equisetiforinis,  Anmdaria  stel- 
lata,  and  A,  sphenophylloide^.  The  leaves  of  the  first  and  last  named 
species  are  generally  rather  small  in  the  lower  group,  but  rapidly 
develop  to  the  typical  proportions.  Sphenophyllum  majus  and  S,  entargi- 
natum  are  both  characteristic  of  the  post-Pottsville  beds.  The  last 
named  species,  which  in  this  country  seems  to  have  been  confused  with 
S,  schlotheimii,  is  generally  omnipresent  above  the  Homewood  sandstone 
or  the  **  Buck  Mountain  conglomerate,"  while,  on  the  other  hand,  below 
the  latter  we  find  the  very  narrow,  slender,  and  very  lax  form  described 
by  Professor  Lesquereux,  from  the  upper  Pottsville,  as  S.  saxifrageefolium, 
Even  among  the  I^epidophytes  we  find  such  distinctive  and  w<ell  known 
types  as  Lepidodendron  modulatum,  the  group  of  large  Lepidostrobi,  such 
as  Lepidoatrobus  spectabilisy  Lepidophyllum  oblongifolinm^  and  L,  ovatifo- 
Hum,  and  the  Sigillaria  camptotxnia  to  be  peculiar  to  the  Allegheny  series 
or  higher  beds.  Of  the  great  diversity  of  gymnospermous  fruits,  the 
large  Cordaicarpa,  the  large,  broad  Pachytesia,  types  of  Rhabdocarpos,  as 
well  as  a  number  of  small  fruits,  such  as  R.  waviillatus  and  Carpolithei 
ellipticiis,  are  evidence  of  a  terrane  as  high  as  or  higher  than  the  Alle- 
gheny series.  It  must  not  be  inferred  from  the  above  that  the  Allegheny 
series  is  marked  by  the  introduction  of  new  types  rather  than  by  the  ex- 
tinction of  Pottsville  forms.  The  Pottsville  is  characterized  by  a  mode 
rately  rich  flora,  the  greater  part  of  whose  fern  elements  and  nearly  all 
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of  whose  Annularian  and  Sphenophyllean  elements  are  not  known  in 
the  Allegheny  series. 

FtORAS  OP  THE  Kanawha  Series 

TYPICAL  REGION   AND   THICKNESS   OP  THE   FORMATION 

The  *^  Kanawha  series  "  is  typically  exposed  along  the  Great  Kanawha 
river  in  southern  West  Virginia.  Terranes  of  this  series  appear  in  the 
gorge  of  that  river  from  a  point  above  Fayette  station,  where  it  caps  the 
high  knobs,  to  near  Charleston,  50  miles  below,  where  it  goes  beneath 
water  level.  For  35  miles  the  steep  slopes  of  the  valley  lie  almost  en- 
tirely in  the  Kanawha  formation.  This  formation,  which  is  largely  arena- 
ceous, includes  several  thin  calcareous  beds  and  an  uncertain,  though 
considerable,  number  of  workable  coals.  From  a  maximum  thickness 
of  approximately  1,200  feet  at  its  eastern  outcrop  it  thins  to  about  650 
feet  before  passing  under  at  Charleston.*  Borings  to  the  westward  in- 
dicate a  still  further  reduction  in  thickness. 

The  general  constitution  of  the  series  is  indicated  by  the  accompany- 
ing sections.  The  first,  figure  2,  is  a  carefully  prepared  section  published 
by  Doctor  I.  C.  White  in  his  memoir,  "  Stratigraphy  of  the  Bituminous 
Coal  Field  in  Pennsylvania,  Ohio,  and  West  Virginia."  f  It  shows  the 
principal  coals  in  the  lower  portion  of  the  section  as  well  as  the  u])per 
limit  of  the  series  as  defined  by  him.  The  Pennsylvanian  nomenclature 
of  the  coals  is  that  applied  by  Doctor  White. 

The  second  section,!  figure  3,  illustrates  at  once  the  relations  of  the 
upper  coals  in  the  series,  as  well  as  the  lower  coals  developed  farther 
down  the  Kanawha,  in  the  vicinity  of  Dego.  It  has  not  yet  been  found 
practicable  to  trace  all  of  the  important  coals  from  one  point  to  the 
other.  The  equivalents  of  even  the  lower  coals  shown  in  the  Cedar 
Grove  sections  are  not  definitely  known  in  the  Armstrong  section. 

DIVISION   OF   THE   KANAWHA    COALS   INTO   TWO  GROUPS 
COMPOSITION  OF  THE  GROUPS 

In  their  discussion  of  the  type  section  of  the  Kanawha  formation 
Messrs  Campbell  and  Mendenhall  §  have  found  it  most  convenient  to 
divide  the  coals  of  the  formation  into  two  groups. 

•1.  C.  White  in  Bull.  U.  S.  Geol.  Survey,  no.  6f.,  p.  138. 

fLoc.  cit.,  p.  1.38,  fig.  113. 

I  Presented  by  tht^  courte.'^y  of  Mr  Oscar  A.  Veaaey,  wlio  htvs  given  great  attention  to  the  Kan- 
»wha  formation  in  this  region. 

1 6<K>logic  section  along  the  New  and  Kanawha  rivers  in  West  Virginia.  Seventeenth  Ann.  Kepi. 
U.  S.  c;«oJ.  Survey,  part  2,  1896,  pp.  473-511,  pin.  xxxix-zliz. 
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"The  lower  group  includes  the  Ansted,  Eagle,  Gas,  Cedar  Grove,  Tunnel,  Peer- 
less, Brownstown,  Campbells  creek,  and  the  associated  thin  seams.  The  principal 
cofll  seams  of  the  upper  group  are  the  Stockton  or  Crown  Hill,  the  Coall)urg,  and 
the  Kanawha  Mining  or  Winifrede  seams.  Between  these  two  groups  are  al)out 
300  feet  of  practically  barren  strata. " 

The  correlations  of  the  developments  in  the  upper  grouj)  have  led  to 
little  or  no  differences  of  opinion,  the  Winifrede  coal  being  generally 
regarded  as  identical  with  the  Kanawha  mining  seam.  With  reference 
to  the  identities  of  the  coals  in  the  lower  division,  there  is,  however,  some 
difference  of  opinion,  as  may  be  seen  by  a  consultation  of  the  two  mem- 
oirs just  cited.  With  these  differences  we  have  at  present  little  to  do, 
since  in  this  paper  the  floras  are  treated  only  in  the  most  general  way 
and  from  a  broad  point  of  view.  I  shall  therefore  not  here  consider  the 
correlation  of  the  individual  coals,  though  I  may  add  that  the  final  sys- 
tematic treatment  of  the  fossil  plants  of  the  several  horizons  promises 
to  throw  light  on  a  number  of  points  now  in  dispute. 

So  far  as  concerns  the  stratigraphic  positions  of  the  coals  in  the  lower 
group,  it  is  sufficient  for  present  purposes  to  state  that  the  Eagle,  the  low- 
est workable  coal,  is  about  380  feet  above  the  base  of  the  formation  as 
that  boundary  has,  largely  on  lithologic  evidence,  been  traced.  The 
Gas  coal  is  about  155  feet  above  the  Eagle  coal.  There  is  doubt  as  to 
the  equivalence  of  the  Gas  coal,  as  well  as  to  the  relations  of  the  other 
coals  of  the  lower  group  to  it.  For  paleontologic  reasons,  I  am  slightly 
disposed  to  regard  the  Tunnel  coal  mined  at  Cedar  Grove  as  identical 
with  the  Gas  coal.  It  certainly  can  not  be  far  from  the  same  strati- 
j^raphic  level.  The  Cedar  Grove  coal  is  but  125  feet  above  the  Tunnel 
bed.  Twenty-five  feet  above  the  Cedar  Grove  bed  another  1-foot  coal  is 
found.  It  is  important  to  note  that  a  slope  from  the  latter  to  the  Tunnel 
coal  cuts  no  less  than  five  coals,  each  of  which  is  from  1  to  4  feet  in 
thickness.  The  painstaking  stratigraphic  studies  carried  on  by  Messrs 
Campbell  and  Mendenhall  show  *  that  within  the  interval  of  140  feet 
traversed  by  this  slope  there  must  fall  the  horizons  of  the  Gas,  Peerless, 
Brownstown,  and  Campbells  Creek  coals,  as  well  as  the  Cedar  Grove  and 
Tunnel  beds. 

Within  the  relatively  short  period  represented  by  the  deposition  of 
140  feet  of  the  formation  no  marked  floral  changes  are  to  be  expected, 
and  for  the  purposes  of  broad  correlation  the  local  floras  may  be  com- 
hined.  I  may  add,  however,  that  on  account  of  certain  peculiarities  and 
minor  phases  of  the  local  floras  I  am  inclined  to  place  the  roof  shales  of 
the  Peerless  coal  not  far  from  the  level  of  the  Gas  coal  or  the  Tunnel 

*  Op.  cit.,  p.  602. 
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bed.  To  the  interval  between  the  latter  and  the  Cedar  Grove  I  wouk 
refer  the  coals  mined  at  Ansted  and  Cotton  hill.  They  are  perhapi 
most  closely  related  paleonlologically  to  the  Cedar  Grove  coal. 

FLORAS  OF  THE  LOWER  GROUP  OF  COALS 

Localities. — The  roof  shales  of  the  principal  coals  in  the  lower  grouj 
along  the  Kanawha  river  usually  contain  abundant  carbonized  plan 
remains  which  are  beautifully  impressed.  As  representative  of  the  flora 
of  the  principal  horizons  of  the  lower  group  of  coals,  collections  will  b 
cited  from  the  following  localities*  along  the  Kanawha  river: 

1.  Six  feet  below  the  Eagle  coal  at  Crescent  (Cresc.  E.),  and  from  the  roof  of  th 

Eagle  coal  at  the  Eagle  mine  (Eag.  £.),  and  at  Saint  Clair  (St.  C.  E.). 

2.  Five  feet  below  the  Gas  coal  at  Forest  Hill  (F.  H.  G.)  mine  near  Edgewater 

also  from  the  roof  of  the  same  coal  at  the  Diamond  mine  (Diam.  G.)  on 
mile  below  mount  Carbon,  at  Crescent  (Cr.  G.),  and  two  mines  near  th 
mouth  of  Morris  creek  (M.  C.  G.). 

3.  Tunnel  coal  in  slope  at  Cedar  grove  (C.  G.  T.),  and  at  the  mouth  of  Kelley 

creek  (K.  C.  T.). 

4.  Roof  shales  of  the  Peerless  coal  at  Peerless  (P.  P.) ;  from  a  drift  one-half  mil 

below  Cedar  grove  (C.  G.  P.);  Little  fork  of  Slaughter  creek  (SI.  P.);  th 
Black  Diamond  mine  near  Ijewistou  (B.  D.  P.) ;  shaft  at  the  Monarch  min 
(Mon.  P.)  near  Peabody ;  as  probably  coming  not  far  from  the  same  horizo 
we  may  also  include  the  fossils  from  the  roof  shales  at  Handley  (Hand.' 
and  the  roadside  near  the  incline  at  the  Black  Cat  mine  (B.  C). 

5.  Roof  of  the  Cedar  Grove  coal  at  Cedar  Grove  (C.  G.  C.) ;  Kelleys  creek,  beloi 

the  mouth  of  Hurricane  branch  (H.  C.  G.);  the  Big  Mountain  mine  uea 
the  mouth  of  Kelleys  creek  (K.  C.  G.) ;  East  Bank  (E.  C.  G.) ;  Black  Ca 
(Bl.  C.  G.),  and  from  the  roof  of  a  coal  supposed  to  be  the  Cedar  Grove  seat 
at  the  Riverside  mine  opposite  Crown  Hill  (R.  C.  G.). 

6.  The  coal  mined  at  Ansted  (Anst.)  and  Cotton  Hill  (C.  H.)  also  belongs  to  thi 

lower  group. 

The  greater  portion  of  the  ferns  accompanying  the  lower  group  of  th 
Kanawha  coals  consists  either  of  species  not  yet  described  from  on 
American  Coal  Measures  or  of  phases  and  varieties  clearly  different  froK 
the  familiar  or  typical  forms.  A  part  of  the  flora  is  composed  of  th 
survivors  of  the  floras  in  the  upper  portion  of  the  Pottsville ;  that  u 
Sewell  and  Fayette  formations.f  As  neither  the  latter  nor  the  floras  c 
the  Kanawha  formation  are  yet  completely  elaborated  systematically 
the  identifications  recorded  below  must  be  considered  as  tentative  c 
often  comparative  and  subj^t  to  revision  in  the  full  sj'stematic  repoi 
on  the  floras  of  the  two  formations  which  is  now  in  preparation. 


*  In  this  paper  only  tlie  localities  typical  of  the  coul-bearing  horizona  will  be  reviewed, 
t  Campbell  and  Mendenhall,  op.  cit.,  pp.  494,  497. 
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Plants  at  the  horizon  of  the  Eagle  coal, — As  indicating  the  frequent  oc- 
currence of  the  Potts ville  survivors,  or  of  modified  forms  of  Potts ville 
species,  as  high  as  the  Eagle  coal  in  the  Kanawha  formation,  I  have 
designated  such  species  with  an  asterisk  in  the  following  list  f  of  plants 
from  the  horizon  of  that  coal : 

Name.  Locality. 

Eremopteris  n.  ep.* Eag.  E. 

of.  lincolniana  D.  W.« St.  C.  E. 

Pmtdopecopteris  trifolioUUa  (Artie) Cresc.  E. ,  Eag.  E. ,  St.  C.  E. 

MariopterU  murUxUa  (Schloth.)  ZeilL* Eag.  E.,  St  C.  E. 

"  nervoia  (Brongn.)  Zeill Eag.  E. 

"  acuta  (Brongn.)  Zeill Cresc.  E.,  Eag.  E.,  St.  C.  E. 

inflala  (Newb.)  * Eag.  E. 

Sphmapteris  spinosa  Goepp.* Eag.  E.,  St.  C.  E. 

"  furcata  Brongn.*  (small) Cresc.  E. 

**  linkii  Goepp.* Cresc.  E. 

"  cf.  dubuissonU  Brongn.  [Lesq.] St.  C.  E. 

"  tracyana  Lx.*? Eag.  E. 

"  schaizlarengisStuT?    Cresc.  E.,  St  C.  E. 

"  cf.  microcarpa  Lx.* Eag.  E.,  St  C.  E. 

Pecopteris  sp.  cf.  inUgra  Andra Cresc.  E. 

AUthopteru  decurrens  Artis Cresc.  E. 

"  9erlii  (Brongn.)  Goepp Eag.  E.,  St  C.  E. 

NeuropteriB  cf.  zeUleri  Pot.* Cresc  E. 

ctflexuosa  Sternb.J Eag.  E.,  St  C.  E. 

CalamUa  ramo$us  Artis St.  C.  E. 

AsUrophyUUes  minutua  Andr.* Cresc.  E. 

**  rigidus  Sternb Eag.  E. 

Anmdaria  ramoaa  Weiss Cresc.  E.,  St  C.  E. 

"         aciciUarU  (Dn.)  Ren.  .* Cresc.  E.,  Eag.  E. 

CaUinwstachyn  ramoms  Weiss St.  C.  E. 

'Sphenophyllum  furcalum  Lx.*  (slender). Cresc.  E.,  Eag.  E. 

euneifolium  (Sternb.)  Zeill.  (lax  formj*.  Eag.  E.,  St  C.  E. 
Lepidodendron  sp.  cf.  dichotomum  Sternb.  ? Cresc.  E.,  Eag.  E. 

**  obovalum  Sternb Eag.  E. 

Bolkrodendron  n.  sp.* St  C.  E. 

Lepidoslrobus  variabUis  L.  &  H Eag.  E.,  St  C.  E. 

Lepidophyllum  campbeUianum  Lx.* Eag.  E.,  St.  C.  E. 

Rhabdocarpos  iulcatus  Goepp.  and  Bein  Eag.  E. 

A  comparison  of  the  Eagle  flora  with  the  flora  of  the  Clarion  group 
(p.  149)  shows  but  a  very  small  percentage  of  identical  elements  in  coin- 

fAIthoagh  the  liat  ia  hardly  compUte,  it  shows  approximately  the  proportions  of  the  zonal 
•lementfi. 

{The  plant  in  hand  approaches  very  closely  to  the  Old  World  type,  though  it  is  specifically  dif. 
ferent  from  the  forms  from  the  Anthracite  and  Northern  bituminous  basins  identified  under  the 
Mme  name. 

XXIII— BuLi..  Gaor..  Soc.  Am..  Vol.  11.  1809 
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mon.  Most  important  is  the  total  absence  at  or  below  the  Eagle  horizon 
in  the  Kanawha  formation  of  the  everywhere  common  and  character- 
istic species  which,  in  the  Allegheny  series,  range  from  the  Brookville 
coal  upward.  This  disparity  is  the  more  striking  since  the  Eagle  coal, 
which  has  been  correlated  with  the  Clarion  coal  of  northwestern  Penn- 
sylvania, is  over  300  feet  above  the  top  of  the  Pottsville,  as  the  upper 
boundary  of  the  latter  formation  has  by  all  geologists  been  located,  along 
the  Kanawha  river.  It  may  here  be  remarked  that  between  the  Potts- 
ville series  (Fayette,  Sewell,  Raleigh,  etcetera,  formations)  of  southern 
West  Virginia  and  the  Allegheny  series  in  the  typical  region  there  is 
hardly  a  distinct  fern  species  in  common,*  although,  as  will  later  be  seen, 
identical  or  modified  forms  of  species  in  the  Fayette  and  Sewell  forma- 
tions penetrate  the  entire  lower  group  on  the  Kanawha.  The  plants 
from  horizons  below  the  Eagle  coal,  a^,  for  example,  the  so-called  ''  black 
marble  "  at  Ansted,t  which  is  correlated  by  local  experts  with  the  Eagle 
limestone,  or  in  the  beds  at  the  mouth  of  Paint  creek,  show  a  much 
stronger  impregnation  of  Upper  Pottsville  types.  On  the  other  hand, 
by  the  time  we  rise  to  the  Cedar  Grove  horizon  the  Virginian  Pottsville 
fern  types  have  either  disappeared  almost  completely  or  they  are  repre- 
sented only  by  well  marked  modifications. 

Plants  accompanying  the  higher  coala  of  the  lower  group, — To  avoid  a 
large  number  of  lists,  the  plants  from  the  horizons  of  the  other  coals, 
all  of  which  fall  within  an  interval  of  not  over  150  feet  in  the  lower 
group,  will  be  combined  in  one  list.  These  horizons  are  the  Gas,  Tunnel, 
and  Peerless,  which  have  been  regarded  by  the  state  geologists  X  as  splits 
of  the  Lower  Kittanning  coal  of  the  Allegheny  valley ;  the  Cedar  grove, 
similarly  correlated  §  with  the  middle  Kittanning  of  Pennsylvania ;  and 
the  Ansted-Cotton  Hill  coals.  || 

*The  differeotiatiun  of  tho  Lycopodialea  and  Equisetalea  is  easily  recognisable,  though  in  these 
groups  ot  plant8  which  possesB^IeBH  stfatigrapliin  value  it  ia  less  marked  than  In  the  ferns. 

f  ArchaeopUrit  cf.  striHa  Andr.,*  Erctnopteris  sp.,*  Mariopteris  pygmasa  D.  W.,*  Marwpttris  muri- 
cata  (Schloth.)  Zoill.,*  Sphenopteris  cf.  Unearig  Brongn.,  Pecopteris  plutnosa  (serrulxita  Hartt),* 
Neuropteria  n.  sp.,*  Megahpterit  sp.,*  Calamites  approxiniatut  Brongn.,  AsterophyUitea  minutu* 
Andr.,*  Annularia  cuspidataLx.*  CaUimostachys  sp.,  Sp/ienophyllum saxifragaefolium  Stornb.  [Le»q.],* 
Lepidodcruiron  of.  rtuhviUenM§  Andr.,*  Lepidostrobua  t^ariabUis  L.  &  H.,  Lepidophyllumsp.t  Cardiocarpon 
cornutum  Dn.  ?* 

The  species  marked  by  the  asterisk  are  closely  allied  to  or  identical  with  species  of  the  Potts- 
ville formation  in  the  type  region. 

1 1.  C.  White  :  Bull.  U.  8.  Geol.  Survey,  no.  66,  p.  140. 

g  Op.  cit.,  p.  1«7. 

i  The  species  in  the  list  may  be  separated  by  referring  to  the  abbreviations,  each  of  which  ends 
with  the  initials  of  the  nearest  coal.    See  p.  160. 
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Name.  Locality. 

Ermopteria  ap.f P.P.,C.G.P.,Hand.,Eb.C.G., 

R.  C.  G.,  Anet.,  C.  H. 

"  cf.  Miuvmri  Stur.f Eb.  C.  G. 

hatdopecopterU  trifoliolaiai ATt[8)Lx F.  H.   G.,  Tann.  T.,  P.  P., 

SL  P.,  B.  D.  P.,  Mon.  P., 
Hand.,  B.  C. 
**  oUwiloba  Sternb.  var.  dUatata  Lx.. .  Eb.  C.  G.,  BL  C.  G.,  C.  H. 

MariopUrii  murieaia  (Schloth.)  ZeilLf F.  H.  G.,  P.  P., C.  G.  P.,  SL  P., 

B.  D.  P.,  Mon.  P.,  Hand., 
C.G.C.,H.C.G.,Eb.C.G., 
BL  C.  G.,  B.  0.  G.,  C.  H. 

Mariopteris  cL  jacquoti  (Zeill.)t 0.  G.  C. 

'*  inflaia  Newb.f Diam.  G.,  P.  P.?»  Anet. 

"  nertfoia  (Brongn.)  ZeilL»t Diam.  G.,  Eb.  C.  G.,  Anet. 

**  sphenopteroides  (Lx.)  Zeill.  n.  var Eb.  C.  G. 

flkniia  (Brongn.)  Zeill C.  G.  P.,  8L  P.,  B.  D.  P. 

andrxana  (RoehL)     [Lesq.] P.  P.,  Eb. 0.  G.,  Bl. C.  G.,  Anst. 

Sphmopieris  sp.  cf.  hildreti  Lx.f Eb.  C.  G.,  C.  H. 

"  gpinosa  Goepp? C.  G.  P.,  SL  P.,  B.  C. 

"  cf.  genicukiia  Germ,  and  Kaulf.f Eb.  C.  G.,  BL  C.  G. 

"  cf.  schalzlarensU  Star P.  P.,  Mon.  P. 

'*  cf.  cannelUmenm  D.  W Mon.  P. 

**  deHcatuia  Sternb.     [Leeq.] Anst 

cf.  dubuiuanis  Brongn.*    [Lesq.] F.  H.  G.,  P.  P.,  Hand.,  B.  C. 

"  cf.  microcarpa  Lx.t Tunn.  T.,P.  P.,  Mon.  P.,Hand., 

B.  C,  C.  G.  C,  Eb.  C.  G., 
BL  C.  G. 

"  n.  sp.,  cf.  crepini  Boul P.  P.,  Anst. 

Oligocarpia  sp.f Hand. 

*•  cUabamenns  IjX,1  i C.  G.  C. 

Pecopterit  plumaaa  Artis *t Diam.  G.,  Cr.  G.,  M.  C.  G., 

Tunn.  T.,  Anst. 

"        n.  sp.,  cf.  crenulata  Brongn Diam.  G.,  Cr.  G.,  M.  C  G., 

Tunn.  T.,  K.  0.  T.,  Anst., 

C.  H. 
*'        cf.  cMp^a  Brongn.f     C.  H. 

AUthopterU  terlii  (Brongn.)  Goepp.* Diam.  G.,  F.  H.  G.,  M.  C.  G., 

Tvnn.T.,P.P.,Sl.  P.,Mon.P., 
Hand.,  B.  C,  H.  C.  G.,  K. 
C.  G.,  Eb.  C.  G.,  Bl.  C.  G., 
R.  C.  G.,  Anst 

Umchitica  (SchloUi.)  Goepp C.  G.  P.,  C.  G.  C,  Eb.  C.  G., 

BL  G.  G..  Anst 

^europUrit  sp.  cf.  gigantea  Sternb. t Eb.  C.  G. ,  Anst 

*  Identical  with  species  in  the  Allegheny  series. 

t  Identical  with  or  modification  of  Upper  Pottsyille  forms. 
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Name. 
NeuropteriB  flexuoM  Sternb.}  •  • 


NewropUru  n.  sp.,  no.  1 

'•  n.  sp.,  no.  2.t 

"  cMx  Brongn.? 

CalamUe9  rttmomt  Artia  * 

**       suckovTii  Brongrn.*. . . . 


"       cMi  Brongn.* 

**       approximaiuB  Brongn.*. 

QUamilina  sp 

Calamodendron  sp 

Annularia  ramosa  Weiss.* 

*•        radiata  Brongn.* 

"         acictUaris  Dn.f 

Atterophyllitis  rigidtis  Stemh* .    . 


"  cf.  minutus  Andr.f 

"  lycopodioides  Zeill 

CcUamoatachysramogaWeiBa.* 

Sphenophyllum  cuneifolium  (Sternb.)  Zeill. { t- 


"  furcatum  Lx.  (form)  t  • 

LycopodiUs  simplex  Lx.?  f 

Lepidodendron  cf.  acumbuUum  (Goepp, 
"  sp.  cf.  briitniLx.,,. 

*•  vellheimii  Sternb.*t 

**  cf.  magnum  Wood. 

"  clypealum  Lx.*t 

*  *  obovaium  Sternb.?. . 

LepidopfUoios  sp.  cf.  laricinus  Sternb. 


Ung.t. 


Local  fty. 
...  F.  H.  G.,  Diam.  G.,  Cr.  G., 

M.  C.  G.,  Tunn.  T.,  P.  P., 

C.  G.  P.,  SI.  P.,  B.  D.  P., 

Mon.  P.,  Hand.,  B.  C,  C. 

G.  C,  Eb.  aG.,Bl.  C.  G., 

Anst.,  C.  H. 
. . .  P.  P. 

. . .  SL  P.,  Hand.,  BL  C.  G.,  Anst. 
. . .  Eb.  C.  G.,  R.  C.  G. 
. . .  F.  H.  G.,  Eb.  C.  G.,  P.  P., 

C.  H. 
. . .  F.  H.  G.,  Eb.  C.  G.,  Bl.  C.  G., 

Anst 
. . .  Eb.  O.  G.,  Anst. 
..     C.  H. 
. . .  M.  C.  G. 
. . .  P.  P. 
...  P.P.,C.  G.P.,  8l.P.,Hand., 

Eb.  0.  G.,  Anst.,  C.  H. 
...  P.  P.,C.  G.  P.,  SI.  P.,  Eb.  C. 

G.,  Anst.,  C.  H. 
...  F.  H.  G.,  P.  P.,  Eb.  C.  G. 
...  M.  C.  G.,  H.  C.  G.,  K.  C.  G., 

Eb.  C.  G. 
...  C.  G.  P.,  Hand. 
. . .  Eb.  C.  G. 
...  P.  P. 
. . .  F.  H.  G.,  M.  C.  G.,  Tunn.  T., 

P.  P.,  C.  G.  P.,  Hand.,  C. 

G.  C,  H.  C.  G.,  Bl.  C.  G., 

R.  C.  G.,  Anst. 
,..  Hand. 

...P.  P.,  Eb.  C.  G.,  C.  H. 
...  Cr.  G. 

. . .  F.  H.  G.,  Mon.  P. 
..     M.  C.  G.,  Hand. 
. . .  Diam.  G. 
...  H.  C.  G. 
. . .  Diam.  G.,  Tunn.  T. 
...  M.  C.  G.,  Hand.,  Anst. 


•  Identical  with  species  in  Allegheny  series. 

t  Identical  with  or  modification  of  Upper  Pottsville  fornt). 

X  The  form  from  this  group  is  spocifically  different  from  that  reported  from  the  Allegheny  series 
under  the  same  name. 

I  Very  narrow  Max  form  figured  by  Lesquoreux  (Coal  Flora,  iii,  pi.  xciii,  fig.  9)  aa  S.  taxifrttga^. 
folium. 
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Namfl.  Locality. 

mirodendron  n.  sp.,  cf.  minutifolium  Boul F.  H.  G.,  M.  C.  G.,  P. P.,  0.  G. 

P.,  8L  P.,  Mon.  P.,  Hand., 
B.  C,  C.  -G.  C,  K.  C.  G.. 
Eb.  C.  G.,  Anst 

Lepidoftrolm  variabilis  L.  and  H F.  H.  G.,  Diam.  G.,  C.  G.P., 

Mon.  P.,  Hand.,  H.  C.  G., 
Anst.,  C.  H. 

oma<uaL.andH.?t Tunn.  T.,  K.  C.  T. 

ap.  nov.? K.  C.  G. 

Lepidophyllum  acuminatum  Lx.*t  •  •  •   P.  P- 

"  cf.  campbeUianum  Lx.f F.  H.  G.,  Diam.  G.,  M.  C.  G., 

P.  P.,  C.  G.  P.,  H.  C.  G., 
Anst. 

cf.  cvUnJmae  Lx Diam.  G.,  M.  C.  G.,  K.  C.  T. 

LepidocyttiB  obiu8U8  Lx.f* M.  C.  G.,  K.  C.  T. 

Ulodtndron  majtis  L.  and  H.* Eb.  C.  G.,  Anst. 

Sigillaria  cf.  reticulata  Lx.f M.  C.  G. 

"      sp.  cf.  ichiyqlfpis  Sternb Tunn.  T. 

Cordaitei  horassifolirM  (Sterab. )  Ung.* 

Cardiocwrpon  minor  Newb.f Tunn.  T. 

Rhabdocarpo8  amygdaheformis  Goepp.  and  Berg.*. . .  Mon.  P. 

mlcatus  (L.  and  H.)  Schimp.* F.  H.  G.,  M.  C.  G.,  C.  H. 

•*  muUiftriaiutt  (Presl)  Lx.« Anst,  C.  H. 

Oirpolitkesfragarioides  Newb.f P.  P.,  Anst. 

RELATIVE  AGES  OF  THE  LOWER  KANAWHA  GROUP  AND  THE  ALLEGHENY 

SERIES. 

In  the  preceding  list  the  asterisk  (*)  marks  species  which  appear  to  be 
identical  in  form  with  material  examined  from  the  Allegheny  series. 
It  should,  however,  be  noted  that  while  these  species,  which  constitute 
but  a  small  percentage  in  the  ferns,  occur  also  in  the  Allegheny  series, 
they  do  not  include  forms  that  are  characteristic  of  that  series.  On  the 
contrary,  they  comprise  species  which  are  either  of  wide  range  or  which 
in  most  cases  originate  in  the  upper  zone  of  the  Pottsville  formation. 
Referring  again  to  the  list,  the  species  distinguished  by  the  dagger  (f) 
are  either  identical  with  or  they  are  modifications  of  Upper  Pottsville 
forras.  The  much  greater  percentage  of  species  in  the  latter  category 
falls  far  short  of  indicating  the  really  very  intimate  connection  of  the 
floras  of  the  lower  group  of  the  Kanawha  series  with  thofee  of  the  Potts- 
ville formation,  both  in  West  Virginia  and  in  the  type  district. 

An  examination  of  the  combined  floras  from  the  lower  half  of  the 
Kanawha  series  reveals  at  once  the  absence  of  both  the  characteristic 

*  Identical  with  specien  in  the  Allegheny  series. 

t  Identical  with  or  modification  of  Upper  Pottsville  forms. 
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and  the  omnipresent  ferns  of  the  Clarion  and  succeeding  groups  i 
northern  Pennsylvania.  The  unfailing  forms  of  the  Neuropterids,  U 
common  and  characteristic  Annularise  and  Sphenophylla*  which  pr 
dominate  at  the  base  of  the  Allegheny  series,  as  well  as  the  entire  groi 
of  higher  Pecopterids,  appear,  so  far  as  my  inspection  of  more  than  U 
collections  has  extended,  to  be  entirely  absent  from  the  lower  half 
the  Kanawha  series  in  southern  West  Virginia. 

The  plant  life  of  the  lower  half  of  the  Kanawha  formation  in  southei 
West  Virginia  differs  from  that  of  even  the  lower  portion  of  the  All 
gheny  series  of  northern  Pennsylvania,  not  only  by  the  almost  entire 
different  forms  in  the  fern  flora,  but  by  the  still  more  important  rel 
tions  of  the  flora  as  a  whole.  The  fern  (Annularian  and  Sphenoph] 
lean)  elements  in  the  flora  of  the  Allegheny  series  are  essentially  toUl 
different  from  those  in  the  Virginian  Pottsville  and  offer  a  well  mark 
contrast  to  the  types  found  below  the  Horaewood  sandstone  in  the  Al 
gheny  valley  or  below  the  Buck  Mountain  conglomerate  in  the  Pottsvi 
district  of  the  southern  Anthracite  field  of  Pennsylvania.  The  floras 
the  Allegheny  series  are  by  their  composition  bound  to  the  higher  cc 
measures.  The  plant  associations  in  the  Freeport  group  are,  as  may 
noted  in  a  scrutiny  of  the  list  (page  154),  characterized  by  the  develc 
ment  of  the  higher  Pecopterid  flora.  The  ferns  of  the  Kittanning  (pa 
151),  like  those  of  Mazon  creek,  Illinois,  and  Henry  county,  Missour 
show  the  almost  entire  absence  of  Pottsville.  types,  and  while  not 
highly  developed,  especially  in  Pecopterids,  they  still  compose  a  flc 
that  is  in  close  agreement  with  those  of  the  base  of  the  Upper  C< 
Measures  or  the  Middle  Coal  Measures  of  the  Old  World.  The  flora 
the  Clarion  group  (see  list,  page  148)  is  characterized  by  a  smaller  p 
portion  of  the  higher  Pecopterid  elements,  and  a  consequent  reducti 
in  richness,  rather  than  by  any  considerable  representation  of  Pottsvi 
ferns,  Animlaria*  or  Sphenophylla.  The  flora  of  this  the  lowest  gro 
of  the  Allegheny  series,  with  its  abundant  Neurnpteris  arato,  NeiirapU 
schenchzeri,  and  "  Pecopteris  vilhtsa  (.^),"  as  well  as  Annularia  siellata,  - 
nuhiria  sphenophi/lloides^  and  Sphenophylluvi  emarghuitHtn,  is  still  bou 
to  the  higher  floras,  and  is  comparable  to  the  Middle  Coal  Measures 
Great  Britain,  or  the  upper  zone  of  the  Valenciennes,  or  the  upper  p 
tion  of  the  Westphalian  series  of  the  Old  World. 

In  contrast  to  the  composition  and  affinities  of  the  floras  of  the  Al 

*Th«^  {itrm  of  Sfthrtiophu'f'ou  runtifnlintn  in  tlie  AlU'Kh*«ny  «orit'!*  isi  broad  leared,  often  iireKiiI 
dinneotiMl  in  narrow  tR|H»rinfcf  tft'th.  while  that  from  thf  Lower  Kanawha  groap  and  the  Sewell 
mation  has  narrow,  lung,  lax  lravo.-«.  rart'ly  rut  in  more  than  four  relatively  broad,  obtusely  poii 
trvth. 

tAfce  of  tho  coiilM  of  HtMiry  county,  Mi^^ou^i.  Bull.  Gool.  Soc.  Am.,  toI.  8,  1897.  pp.  iifl- 
Flora  of  the  Lower  Coal  Measures  of  Mis^*ouri.    Mon.  U.  S.  Geol.  Sarr,,  toI.  xxxTii,  1899. 
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t^heny  series,  we  find  the  floral  associations  in  the  lower  half  of  the 
Kanawha  series,  including  the  lower  group  of  coals,  to  be  almost  totally 
lacking  in  the  characteristic  elements  of  the  Allegheny  flora.  The  Lower 
Kanawha  flora  is  distinctly  largely  of  Pottsville  derivation  or  affinity. 
Many  of  its  elements  are  but  slight  modifications  of  types  characteristic 
of  the  Pottsville  of  Virginia  or  of  the  southern  Anthracite  field,  while 
the  greater  part  of  the  remaining  stratigraphic  species  either  are  closely 
allied  to  Pottsville  plants  or  they  are  unfamiliar  in  our  American  Paleo- 
zoic floras.  The  comparative  reference  of  a  considerable  number  of  the 
species  in  the  latter  category  to  the  types  described  from  the  Valenciennes 
vSeries  or  the  Schatzlar  series  of  the  Old  World  is  in  itself  a  suggestion  of 
the  most  intimate  relations  of  the  floras.  It  needs  but  a  cursory  exam- 
ination of  the  magnificent  and  voluminous  illustrations  published  by 
Zeiller  *  and  Stur  f  to  at  once  reveal  the  homotaxial  significance  of  the 
floral  composition  of  the  Lower  Kanawha  flora  and  its  exact  reference 
to  the  Westphalian  or  Lower  Coal  Measures  of  the  European  basins. 
Thus  not  only  does  the  Lower  Kanawha  flora  appear  by  its  composition 
and  relations,  when  compared  with  the  floral  succession  in  the  Penn- 
sylvania section,  to  distinctly  antedate  the  flora  of  the  Clarion  group  in 
the  lower  portion  of  the  Allegheny  series,  but  the  same  relative  positions 
for  the  two  series  are  indicated  also  by  a  paleontological  comparison  of 
both  with  the  Old  World  paleobotanical  sections.  In  short,  the  plant- 
life  of  the  lower  half  of  the  Kanawha  formation,  with  its  new  or  un- 
familiar types,  forms  an  elaborate  connecting  link  between  the  typical 
Pottsville  or  Millstone  Grit  floras  and  the  Clarion  flora  in  the  Allegheny 
series. 

That  the  flora  under  discussion  preceded  the  typical  Allegheny  floras, 
at  least  in  the  Virginia  region,  is  further  shown  by  the  occurrence  of  the 
normal  and  characteristic  plant  associations  of  the  Clarion  and  Kittan- 
ning  groups  at  a  higher  stage  in  the  Kanawha  section. 

FLORAS  OP  THE  UPPER  GROUP  OF  COALS  IN  THE  KAjVAWHA  FORMATION 

PUint  horizons. — As  described  by  Campbell  and  Mendenhall,  an  interval 
of  usually  barren  and  arenaceous  strata,  which  attains  to  a  thickness  of 
about  300  feet,  lies  between  the  lower  and  upper  groups  of  coals  in  the 
Kanawha  formation.  Reference  to  their  published  sections  shows  these 
^ndstones  themselves  to  occur  within  the  upper  half  of  the  entire  thick- 
ness of  the  formation.  The  three  exploited  coals  of  the  upper  group  are 
locally  known  as  (1)  the  Kanawha  Mining  seam ;  (2)  the  Coalburg  seam, 

^  Flore  foBsilo  de  la  bassin  houiller  de  Valenciennef*,  1886  and  1888. 
t  Die  Carbon-Flora  der  Schatzlarer  Schfchten,  1886  and  1887. 
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and  (3)  the  Stockton  seam.  They  have  heen  respectively  correlated  am 
named  by  the  geologists  of  West  Virginia  as  identical  with  the  Uppe 
Kittanninc;,  the  Lo^er  Freeport,  and  the  Upper  Freeport  of  the  Alleefhen; 
valley. 

Plants  from  the  Kanawha  Mining  and  Coalburg  coals. — The  roof  shale 
of  the  Kanawha  Mining  and  Coalburg  coals  do  not  appear  generally  t< 
contain  well  preserved  plants.  From  the  rock  dump  at  the  Chesapeak( 
mine,  Lower  creek,  near  Handley,  specimens  of  Lepidodendron  modti 
lalnm  Lx.  and  a  Sigillaria  belonging  to  the  mamillaria  group  have  beer 
obtained.  Lepidodendron  moduiatum  affords  a  slight  indication  of  AUe 
gheny  age,  although  the  Lycopodiales  of  the  Carboniferous  flora  an 
of  inferior  stratigraphic  value.  The  plant  fragments  from  the  horizoi 
of  the  Coalburg  seam  at  the  Belmont  mine,  near  Crown  hill,  and  a 
Ronda,  on  Cabin  creek,  represent  a  very  delicate,  deepl}'  dissected  Sphe 
nopteris,  more  lax  than  Sphenopteris  hildreli  Lx. ;  a  Sphenopteris  of  th( 
form  identified  in  the  unpublished  work  of  Professor  Lesquereux  aj 
Sphenopteris  delicattda  Bronn ;  two  species  of  Neuropteris,  one  of  whicl 
is  probably  identical  with  Neuropteris  flexuosa  Sternb.,  while  the  othe; 
belongs  to  the  group  represented  by  Neuropteris  gigantea  Sternb.,  Oila 
mites  suckomi  Brongn.,  and  Lepidodendron  cf.  obovatum  Sternb.  Th( 
plant  representations  from  the  levels  of  these  two  coals  are  too  scant) 
to  permit  an  attempt  at  correlation.  They  contain  little  that  points  dis 
tinctly  to  a  position  in  the  Allegheny  series,  while,  on  the  other  hand 
the  fern  species  differ  in  their  facies  from  the  forms  in  the  Clarion  or  th< 
higher  groups  in  northwestern  Pennsylvania. 

Plants  in  the  roof  of  the  Stockton  coal, — The  Stockton  coal,  which  ha^ 
been  identified  with  the  Upper  Freeport  coal  of  the  Allegheny  valley  b} 
Doctor  L  C.  White,  and  has  accordingly  been  made  by  him  the  topmosi 
stratum  of  the  Allegheny  series  in  his  correlations  of  the  terranes  alone 
the  Kanawha  river,  lies  from  30  to  50  feet  below  the  Black  flint,  beneatli 
which  the  upper  boundary  of  the  Kanawha  formation  is  drawn  by  Messn 
Campbell  and  Mendenhall. 

The  plant  collections  from  the  roof  of  the  Stockton  coal  at  a  numbei 
of  localities  f  include  the  following  species : 

Name.  Locality. 

Pseudopecopteris  cf.  nummtUaria  (Gatb.)  *    Lx Bel.,  Buff.,  Sp. 

MaHopteris  muricata  (Schloth. )  Brongn Hur. 

**  jiervom  (Brongn.)  Zeill-.J Bel. 

fBelmont  mine,  near  Crown  hill  (Bel.) ;  Buffalo  Liclc  fork,  five  miles  above  Cannelton  (Buff.) 
near  the  mouth  of  Hurricane  creek  (Hur.) ;  Stanton  mine  on  Kelleys  creek  (St.);  Spanglers  fork 
of  Blue  creek  (8p.),  and  from  the  drift  back  of  the  schoolhouse  north  of  Pond  gap  (P.  G.). 

X  Form  characteristic  of  the  Allegheny  seriefi. 
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Name.  Locality. 

Sphenoplfri^  harmnerms  Star. Buff.,  P.  G. 

"  cf.  trichomarwidei  Brongn.* Buff. 

cf.  hroadheadi  D.  W.* P.  G. 

Urulla Brongn.     [Lesq.]. Buff.,  P.  G. 

miarfa  Schimp.* BeL,  P.  G. 

cf.  cr«ptni  Boul Buff.,  St 

ophioglouoide9  {lx,)t*,    ...    Buff. 

hyTnenophylloides  hx* Hur.,  St.,  P.  G. 

PecopterisvilloM  Brongn,?*    [Leeq.] P.  G. 

Alahopteris  serlii  (Brongn.)  Goepp Buff.,  Sp. 

NearopterU  cf.  giganUa  Sternb St. 

rarinervU  Bunby.* BeL,  Buff.,  Hur.,  St.,  P.  G. 

"    ■      ovata  Hoffm.* P.  G. 

**  ep.  cf.  carrit  Lx.* Sp. 

scheuchzeri  Hoffm.*.   BeL,  Hur.,  St.,  Sp. 

Calamiies  ramonis  Artie St. 

Atier&phyUiUs  equiseHformU  (Schloth.)  Brongn.* BeL 

AnmUaria  ramota  Weisf* BeL,  St. 

sUUcUa  (Schloth.)  Wood  * BeL,  St.,  P.  G. 

"        tpherwphylhides  (Zenk.)  Ontb* Buff.,  St.,  P.  G. 

Sphfnophyllum  cuneifolium  (Stemb.)  Zeill Buff.,  St.,  Sp.,  P.  G. 

UscurianumD.W* Buff.,  P.  G. 

**  emargincUum  Brongn.* Sp. 

LycopodUes  mefkii  Lx.* * Hur.,  St. 

Lepidodendron  ct  briUsii  Lx.*.  Bel. 

"  kmceolatum  Lx.* Hur.,  St. 

"  modulatum  Lx.* P.  G. 

Bothrodendron  cf.  minuHfolium  Boul St. 

I^idostrobtis  cf.  variabilis  L.  and  H. . .     BeL,  St. 

Ijepifiophyllum  lanceolatum  L.  and  H.?  * St. 

Ijepiilocystis  vesicularis  Lx Buff.,  St. 

SigUlaria  cf.  fis9a  Lx.* Hur. 

Poacorduites  8p P.  G. 

(hrdaicarpon  einctum* P.  G. 

circutorw  Lx.?* St. 

Palxoxyrii  appendiculata  Lx.* St. 

TffB  STOCKTON  COAL  FLORA  AN  ALLEGHENY  FLORA 

It  needs  but  a  brief  comparison  of  the  foregoing  list  with  the  lists  of 
Allegheny  plants  to  show  the  large  proportion  of  forms  (marked  with 
the  asterisk)  identical  with  those  found  in  the  Allegheny  valley.  More- 
over, the  forms  so  designated  are  in  general  typical  of  the  Allegheny 
series,  and,  so  far  as  I  recollect,  have  not  been  found  elsewhere  than  in 
that  or  the  higher  terranes.  The  Stockton  flora  is  almost  completely 
composed  of  species  found  in  the  Allegheny  valley  in  Pennsylvania,  at 
Mazon  creek,  Illinois,  or  in  Henry  county,  Missouri.     In  short,  we  have 
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here  a  normal  association  of  the  identical  and  characteristic  forms  c 
the  Allegheny  seriesr-a  typical  Allegheny  flora. 

It  is  not  within  the  scope  of  this  paper  to  more  precisely  discuss  th 
equivalence  in  the  Pennsylvanian  section  of  the  several  Kanawha  tei 
ranes.  It  is,  however,  proper  to  add  that  the  absence  of  the  highe 
Pecopterids,  the  presence  of  certain  phases  of  the  species,  certain  olde 
elements,  as  well  as  the  proportion  and  range  of  the  identical  fonni 
bespeak  for  the  Stockton  flora  a  place  probably  not  higher  than  th 
Clarion  group  in  the  Allegheny  series.  It  seems  very  improbable  tha 
it  can  in  any  event  be  so  high  as  the  Upper  Kittanning. 

Floras  succeeding  the  Kanawha  Formation 
plants  less  than  200  feet  above  the  *' black  flint" 

As  bearing  upon  the  question  of  the  position  of  the  Stockton  flora  i 
the  Pennsylvania  section,  while  further  showing  the  occurrence  of  th 
typical  Pennsylvania  floras,  it  is  of  interest  to  glance  at  the  floras  sue 
ceeding  the  Stockton  in  the  southern  West  Virginia  section.  I  therefor 
append  three  lists  of  plants  from  higher  horizons  in  the  same  section. 

The  first  of  these  floras,  from  localities  *  which  Mr  Campbell  inforra 
me  lie  within  200  feet  above  the  Black  Flint  is  as  follows; 

Name.  Locality. 

Pseudopecopteris  obitmloba  (Sternb.)  Lx Wayne. 

**  squamota  (Lx.),t  larj?e Clen.,  Wayne. 

Mariopteris  iilUmanni  (Lx.)t Gr.,  Wayne. 

*'  iwrvoM.  (Brongn.)  Zeill Wayne,  Liz. 

••  n«/>i>erryi  (Lx.)t Clen. 

Sphenopteris  solida  Lx.f  Wayne. 

"  cluerophylloida  (Brongn.)  Presl  t Clen. 

**  mixta  Schimp.t Wayne,  Liz. 

•*  ophioglossoides  (Lx.)\ Clen.,  Cob. t  Wayne,  Liz 

Pecopteris  emarginala  (Goepp.)  Presl  f Cob.,  P.  R. 

•*        unita  Brongn. t Clen.,  Wayne,  Liz. 

•*        «o/ida  Lx.f    Clen. 

"        vUlosa  Brongn.?t Gr.,Clen.,Cob.,Wayne.Li 

••        vutita  Lx.f Clen. 

••        weopteridia  (Schloth.)  Sternb. t Gr.? 

•*        cf.  jenneyi  D.  W.f W^ayne. 

••        mi/<ani  (Arti8)?t P.  R.,  Wayne. 

•The  collections  here  roughly  listed  are  Graham  mine.  Mason  (Gr.) ;  along  the  Elk  river,  o 
mile  above  Clendennin  (Clen.);  Cob  mine,  near  Clendennin  (Cob.);  from  an  horizon  alwut  : 
feet  above  the  Black  Flint,  one-half  mile  east  of  Pleasant  Retreat  (P.  R.) ;  Left  fork  of  Mill  ore^ 
Wayne  county  (Wayne);  south  of  summit  on  Belva  and  Lizemore  road  (Lis.)  ;  Ounter  hollo 
near  Mason  (G.  H.). 

t  Forma  apparently  identical  with  those  in  the  Allegheny  series. 


FLORAS  SUCCEEDINO   THE   KANAWHA   FORMATION  171 

Name.  Locality. 

AUlhoptem  terlii  (Brongn. )  Goepp Wayne. 

NeuTopUrit  rarinervis  Buuby.*  P.  R. ,  Liz. 

"  vermictUaris  Lx.* G.  H. 

Neuropieria fimhriata  Lx.* Clen.,  Wayne. 

'*         ovata  Hoffm.* .  Clen.,  P.  R.,  Wayne. 

•'         scheuclizeri  Hoffm.* Gr.,  Clen.,  P.  R.,  Wayne. 

OdotUoplem  gubcuneala  Bunhy,* Gr. 

"  sequalui  Lx.* Liz.* 

CcdamiUs  ciUii  Brongn .    .• Clen. 

Annnlaria  ramom  Weiss Wayne. 

"        lUUata  (Schloth.)  Wood  * Gr.,  Cob..  P.  R.,  Wayne. 

"        ^pfienophylloides  (Zenk.)  Gutb.* Gr. ,  Wayne. 

i>phenophyllum  anarghiatum  Brongn.* Clen.,  Cob.,  Wayne,  Liz. 

'*  wiojiwBronn* Clen.,  Wayne. 

LycopodiUa  pendulus  Lx Wayne. 

Lqndophyllum  brevifolium  Lx Clen. 

**  oblongifolium  Lx.* Clen.,  Liz. 

LepidoqfgliB  vesicularu  Lx Wayne,  Liz. 

SigUiaria  campUAsenia  Wood  * Clen. 

**      fina  Lx.* Wayne. 

Cordaicarpon  ffutbieri  Gein.* Wayne. 

Carpolithea  eUipticuB  Stemb.* Cob. 

PLANTS  200-300  FEET  ABOVE  THE  "  BLACK   FLINT  " 

A  small  collection  of  plants  from  the  road  north  of  Clay  Courthouse 
is  reported  by  Mr  Campbell  as  probably  between  200  and  300  feet  above 
the  Black  Flint,  although  his  stratigraphic  field  notes  are  not  yet  com- 
piled so  as  to  more  precisely  fix  the  position  of  the  horizon.  Another 
lot  of  fossils,  from  an  horizon  probably  no  higher,  is  from  Granny  branch 
of  Indian  creek,  near  Mason.     These  small  lots  contain : 

Name.  Locality. 

PsmdopfcopterU  squamoia  ( Lx.)t Gran. 

Marifypteria  tphenopteroiden  ( Lx.)  Zeill.t Gran. 

**          siUimanni  (Lx.)  f Gran. 

SphenopUrU  pinncUifida  Lx.?  f Clay. 

**            cf.  8tiptdata  Gatb Gran. 

iogiaatuB  (Lx.)  f Clay. 

PecopierU  derUata  Brongn.f Clay. 

"        viUo9a  Brongn.? t Gran.,  Clay. 

•*        miUoni  Artia  f Clay. 

Seumpierii  rarinerma  Buuby.f Clay. 

otwtoHoflfm.t Gran.,  Clay. 

"           nmbriaia  Lx.f Clay. 

*'          achmchzeriUoffm.'t Gran.,  Clay. 

^^^^  ',^  Forms  apparently  identical  with  those  in  the  Allegheny  series. 

"'  '  t Identical  species  in  the  AUegheny^eries. 
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Name.  Locality. 

Linopteris  oUiqtui  (Banby.)  Pot.* Clay. 

(kUnUopteria  wortheni  Lx.* Gran. 

Annularia  MellcUa  (Schloth.)  Wood  * Gmn.,  Clay. 

Uphenophyllum  emargincUum  Brongii.* • Gran. ,  Clay. 

LepidodendronmodulcUumhx.* Gran. 

LepidophyUum  jenneyi  D.  W.* Gran. 

"  hastatum  Lx.* Clay. 

Sigillaria  camptoUenia  Wood  * Clay. 

CarpolUhea  ellipticus  Sternb.* * Gran. 

SPECIES  300-400   FEKT   ABOVE   THE   "  BLACK   FLINT " 

Two  other  small  collections  from  horizons  said  by  Mr  Campbell  to  be 
between  300  and  400  feet  above  the  Black  Flint  were  obtained  near  Lava- 
lette  (Lav.),  on  the  Huntington  pike,  and  Furnace  Hollow  f  C^ur.), 
Wayne  county.    They  include : 

Name.  Locality. 

MariopUriB  nervosa  (Bronpfn.)  Zeill Fur. 

Pecapteris  dmtcUa  Brongn Fur. 

**         vUlosa  Brongn.? Fur. 

"         oreopUridkt  (Schloth.)  Sternb Fur., Lav. 

**        polymorpha  Brongn Lav. 

**        n.  sp.? Lav. 

AUihopteris  pen7i8ylvani<:a  Lx.? Fur. 

Ccdlipteridium  inseqiuile  Lx Fur. 

NeuropUris  rarineriis  Bunb.? Fur. 

"  scheiichzeri  Hoffm Fur. 

**  agassizi  Lx.? Fur. 

AnmUaria  spheiwphyUoides  (Zenk.)  Gutb.  var.  inlermedia  Lx .  Fur.,  Lav, 

Sphenophyllum  emargincUum  Brongn Fur. 

"  majuB  Bronn Fur. 

"  thoniU&hw? Av. 

Lepidodendron  modulatum  Lx .   Far. 

Lepidophloios  sp Fur. 

LepidophyUum  oblongifolium  Lx Fur. 

ALLEGHENY   FLORAS  ABOVE   THE  **  BLACK   FLINT" 

It  needs  but  a  glance  at  the  first  two  of  the  three  preceding  lists  t< 
recognize  the  typical  constitution  of  the  Allegheny  floras.  While  it  h 
not  my  present  purpose  to  attempt  by  analysis  to  arrive  at  an  estiraa 
tion  of  the  approximate  positions  of  these  plant  associations,  I  ma> 

*  Identical  species  in  the  Allegheny  series. 
t  Near  the  mouth  of  Labor  creek. 
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here  express  the  opinion  that  the  collective  flora  enumerated  in  the  first 
list  shows  so  high  a  degree  of  identity  and  so  similar  a  composition  to 
the  floras  of  the  Kittanning  group  of  Pennsylvania  as  to  strongly  argue 
for  a  reference  of  some  portion  at  least  of  the  beds  within  200  feet  above 
the  Black  Flint  to  the  latter  group.  Likewise,  for  reasons  which  cannot 
here  be  discussed,  I  am  inclined  to  the  belief  that  the  small  flora  from 
beds  between  200  and  300  feet  above  the  Black  Flint  may  be  from  ter- 
ranes  not  later  than  the  Freeport  group.  The  species  in  the  third  list, 
though  few  in  number,  do  not  appear  to  indicate  a  stage  very  far  above 
the  horizon  of  the  Upper  Freeport  coal,  the  upper  limit  of  the  Allegheny 
series.  The  evidence  on  this  point  is,  however,  at  present  too  insufficient 
to*  justify  further  consideration. 

HoMOTAxiAL  Relations  of  the  Kanawha  and  Allegheny  Series 

GENERAL   CORRELATIONS   INDICATED   BY   THE   FOSSIL  FLORAS 

From  the  foregoing  brief  reviews  of  the  floras  of  the  Kanawha  forma- 
tion and  the  Allegheny  series,  it  appears  : 

1.  That  the  floras  of  the  lower  half  of  the  Kanawha  formation,  in- 
cluding the  lower  group  of  coals,  are  either  of  Pottsville  derivation  or 
they  are  identical  with  or  closely  allied  to  species  which  are  character- 
istic of  the  Lower  Coal  Measures  of  the  Old  World,  but  are  hitherto  un- 
known in  our  own  American  coalfields.*  The  floras  in  question  exactly 
correspond  to  those  of  the  I^ower  Coal  Measures  of  Europe. 

2.  The  Ix)wer  Kanawha  floras  are  in  strong  contrast  to  and  are  easily 
distinguished  from  either  the  floras  of  the  upper  part  of  the  Kanawha 
series  itself  or  the  lower  portion  of  the  Allegheny  series,  which  carries 
a  flora  slightly  younger  than  *hat  of  the  Lower  Coal  Measures  of  Euroi)e. 

3.  The  floras  of  the  entire  lower  half  of  the  Kanawha  formation  are 
homotaxially  if  not  actually  older  than  the  Clarion  and  Kittanning  floras, 
which  follow  them  several  hundred  feet  higher  in  the  same  section. 

4.  In  the  Virginian  region  the  characteristic  plants,  everywhere  com- 
mon in  the  Allegheny  series,  do  not  appear  until  we  pass  up  into  the 
upper  half  of  the  Kanawha  formation,  where  they  occur  in  identical 
fomis  and  in  an  association  constituting  a  flora  typical  of  the  lower  por- 
tion of  the  Allegheny  series. 

*The  reader  should  again  he  reminded  that  many  of  the  speciflc  identification!!!  recorded  in  the 
forofcoing  plant  liAts  are  either  tentative  or  comparative,  and  are  therefore  subject  to  change  in 
cooDoctiun  with  their  systematic  description  in  the  full  report. 
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5.  The  flora  of  the  Stockton  coal  in  southern  West  Virginia  is  typical 
of  the  Allegheny  series  in  Pennsylvania,  its  common  species  seeming  to 
indicate  a  place  in  the  Clarion  or  lowest  group  of  that  series,  while  a 
portion  at  least  of  the  Kittanning  flora,  as  well  as  the  Freeport  floras  of 
northwestern  Pennsylvania,  appear  to  occur  in  nearly  typical  develop- 
ment and  associations,  as  well  as  in  regular  order,  above  the  Black 
Flint,  which  immediately  succeeds  the  Kanawha  formation. 

6.  While  the  evidence  of  the  fossil  floras  distinctly  shows  the  homo- 
taxial  representative  of  the  Clarion  group  to  be  in  the  upper  portion  of 
the  Kanawha  group,  the  preliminary  and  incomplete  inspection  of  the 
higher  floras  leads  us  to  somewhat  confidently  expect  that  the  equiva- 
lents of  the  upper  portion  of  the  Kittanning  group,  as  well  as  the  entire 
Freeport  group,  are  to  be  found  in  the  terranes  above  the  Black  Flint 

7.  The  application  of  the  names  of  the  Allegheny  coals  to  the  several 
individual  coals  of  the  Kanawha  series  is  in  direct  contradiction  to  the 
testimony  of  the  fossil  plants,  since,  so  far  my  observations  have  ex- 
tended, the  earliest  of  the  characteristic  All^heny  floras  is  not  found 
far  below  the  vicinity  of  the  Stockton  coal,  hitherto  supposed  to  be  the 
equivalent  of  the  Upper  Freeport  of  Pennsylvania,  while  the  entire 
lower  group  of  Kanawha  coals,  hitherto  supposed  to  include  the  Middle 
Kittanning,  Lower  Kittanning,  and  Clarion  coals,  etcetera,  of  Pennsyl- 
vania, are  paleobotanically  older  than  the  lowest  coal  of  the  Allegheny 
series.  According  to  the  evidence  of  the  fossil  floras,  the  Black  Flint  is 
to  be  compared  with  the  horizon  of  the  ferriferous  limestone  rather  than 
with  the  phases  of  the  Mahoning  sandstone. 

As  has  already  been  stated,  the  paleontologic  data  as  yet  in  hand 
from  the  Kanawha  Mining  and  Coalburg  seams  are  not  sufficiently  com- 
plete to  definitely  indicate  the  relations  of  these  two  coals,  which  have 
been  regarded  as  Upper  Kittanning  and  Lower  Freeport  respectively,  to 
the  Allegheny  series.  It  should,  however,  be  noted  that  the  fossils  from 
the  roof  of  a  coal  on  Kelleys  creek,  about  100  feet  above  the  Cedar  Grove 
seam,  have  the  characters  of  the  I^wer  Group  floras  without  showing 
any  of  the  distinctive  paleontologic  features  of  the  Allegheny  series.  If 
we  assume  the  Coalburg  and  Kanawha  Mining  seams  also  to  be  refer- 
able to  the  latter  series,  an  assignment  to  any  horizon  above  the  Clarion 
group  seems  to  be  clearly  unwarranted. 

REASONS   FOR  ASSUMED   CONTEMPORANEITY  OF  THE  IDENTICAL  FLORAS 

The  paleontologic  conditions  here  shown  to  exist  in  the  AU^heny 
and  Kanawha  series  admit  of  two  explanations :   (a)   either  the  ter- 
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ranes  of  the  Allegheny  series  have  no  representatives  or  contemporaries 
in  the  Kanawha  formation  except  in  the  upper,  lesser,  portion  of  the 
latter,  the  entire  lower  half  of  the  formation  being  older,  or  (b)  the  Ka- 
nawha and  Allegheny  are  essentially  equivalent,  the  respective  floras 
being  homotaxial,  not  contemporaneous.  The  question  is  whether,  if 
there  be  no  unconformability  at  the  base  of  the  Allegheny  series  in  the 
Pennsylvania  sections,  the  upper  beds  of  the  Pottsville  formation  have 
changed  their  distinctive  lithologic  characters  so  that  the  lithologic 
boundary  between  the  Allegheny  series  and  the  Pottsville  formation 
diagonals  in  time  in  passing  from  the  Allegheny  valley  to  the  Kanawha 
river,  or  whether  the  successive  floras  existed  in  Pennsylvania  long  before 
they  reached  southern  West  Virginia. 

In  support  of  the  first  hypothesis,  we  have  (1)  the  existence,  in  the 
lower  Kanawha  group,  of  floras  by  composition  and  relations  distinctly 
antecedent  to  those  in  the  Allegheny  series ;  and  (2)  the  presence  of  the 
typical  floras  of  the  Allegheny  series  occurring  in  characteristic  compo- 
sition, and  apparently  in  regular  sequence,  in  higher  beds,  above  the 
older  floras,  in  the  same  section  along  the  Kanawha  river.  In  proof  of 
the  second  hypothesis,  there  is  the  well  founded  presumption,  based  on 
stratigraphic  demonstration  in  certain  more  northern  portions  of  the 
great  basin,  that  the  several  formations  preserve  their  characters  as  well 
as  continuity  along  the  Appalachain  trough ;  and  (2)  the  testimony  of 
several  of  the  stratigraphic  geologists,  including  one  of  the  most  dis- 
tinguished authorities,  who  have  studied  the  Virginian  region,  in  favor 
of  the  persistent  characters  of  the  beds. 

The  supposition  that  the  paleontologic  differences  between  the  two 
formations  are  due  to  diagonalling  in  time  on  the  part  of  the  floras  in- 
volves the  further  supposition  that  a  maximum  thickness  of  over  600, 
perhaps  over  900,  feet  of  sediments,  including  several  calcareous  beds 
and  at  least  four  workable  coals,  were  laid  down  in  the  Kanawha  region 
while  well  defined  and  characteristic  groups  of  plant  species  were  mi- 
grating from  Pennsylvania  to  southern  West  Virginia.  This  I  believe 
to  be  absolutely  untenable  for  the  following  reasons :  (a)  The  mi- 
gration, if  occurred,  was  made  along  a  continuous  coast  bordering  the 
eastern  margin  of  the  Upper  Carboniferous  sea ;  (b)  a  presumably  low 
coastal  plain  ofiered  a  direct  and  easy  route ;  (c)  the  prevailing  direc- 
tion of  the  currents  at  the  close  of  Pottsville  time,  as  indicated  by  the 
bedding  of  the  sandstones  along  portions  of  the  trough,  was  from  north 
to  south,  thus  favoring  a  speedy  journey  ;  (d)  the  fruits  of  many  of  the 
types  appear  to  have' been  so  constructed  as  to  withstand  drifting  for 
some  time;  (e)  practically  the  entire  plant  association  must  have  mi- 
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grated  en  masse,  so  the  flora  as  a  whole  appears  in  the  Kanawha  region 
in  nearly  its  exact  Pennsylvanian  composition  and  facies ;  (/)  under 
the  abore  conditions  it  is  unreasonable  to  suppose  that  a  migration,  as- 
suming such  a  one  to  have  occurred,  of  less  than  300,  probably  less  than 
150,  miles*  would  have  required  so  long  a  period  as  that  represented 
in  the  sedimentation  of  the  lower  half  of  the  Kanawha  formation. 

The  far  greater  migration  of  the  interglacial  flora  in  pursuit  of  the  re- 
treating ice  must,  as  timed  by  the  comparatively  thin  sediments  formed 
under  the  most  favorable  conditions  during  the  Pleistocene  period,  have 
required  but  a  relatively  short  interval.  Furthermore,  if  it  be  assumed 
that  during  earlier  Kanawha  time  the  marsh  or  peat  bog  which  repre- 
sented the  depository  of  each  of  the  Allegheny  coals  stretched  practically 
continuously  from  the  Allegheny  Valley  region  to  the  Kanawha  region, 
as  is  implied  by  the  correlations  and  usage  of  the  West  Virginia  geol- 
ogists, we  must  believe  that  several  floras  would  have  been  met  by  the 
traveler  in  passing  from  south  to  north  across  the  great  marsh  or  bog,  a 
condition  which  would  indicate  a  difference  of  climate  in  Carboniferous 
time  far  greater  than  that  to  be  found  under  similar  circumstances  within 
the  same  latitude  at  the  present  day ;  or,  if  we  suppose  the  coals  to  have 
been  formed  by  flotation  of  the  carbonaceous  matter,  a  theory  in  many 
cases  more  satisfactory,  it  becomes  probable  that  an  intermingling  of  the 
species  from  diSerent  portions  of  the  basin  would  have  occurred  in  the 
quiet  waters  of  plant  deposition. 

Since  it  is  generally  admitted  that  the  Pottsville  formation,  which  is 
said  to  be  represented  by  but  160  feetf  of  sediments  in  the  Broad  Top 
coalfield  of  southern  Pennsylvania,  attains  a  thickness  of  over  2,(XX) 
feet  in  the  southern  Virginia  region,  it  is  not  improper  to  assume,  on  the 
other  hand,  that  in  the  great  expansion  of  the  formation  the  upper  beds 
may  have  lost  their  distinctive  massive  conglomeratic  character  and 
merged  horizontally  into  shales,  sandstones,  coals,  etcetera.' 

That  such  a  change  occurred  is  indicated  by  the  observed  distribution 
of  the  Pottsville  floras,  the  apparent  overlap  of  the  lowest  Kanawha  floras 
on  the  type  paleontologic  section  of  the  Pottsville,  and  the  notable  dif- 
ference between  the  typical  Upper  Pottsville  flora  of  the  type  section  and 
the  lowest  flora  of  the  typical  Allegheny  series.  This  difference  is  so 
great  as  to  suggest  that  the  group  of  upper  conglomerates  forming  a 
})lexus  with  the  "  Buck  Mountain  conglomerate  "  in  the  Southern  An- 
thracite field,  or  perhaps  the  Homewood  sandstone  in  the  Allegheny  val- 

♦  The  actual  diaoropancy  Vjetween  the  geological  correlatlon«  and  the  evidence  of  the  fossil  plants 
occurs  within  the  geographic  interval  between  the  Potomac  basin  and  the  Kanawha  rivor,  a  dis- 
tance of  less  than  150  miles. 

t  Bull.  V.  8.  Geol.  Survey,  no.  66,  p.  186. 
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ley,  may  represent  a  much  greater  time  interval  than  is  inferred  from 
their  proportionate  thickness. 

EVIDENCE  OF  THE   FLORAS   AS   TO  THE   ISOSTATIC   MOVEMENT   IN   THE 
SOUTHERN   VIRGINIAN    REGION 

The  paleontologic  observations  made  by  me  in  the  field  are  too  incom- 
plete to  warrant  more  than  an  outline  of  the  development  of  the  indi- 
cated dilations.  An  examination  of  the  fossils  from  the  Allegheny  series, 
as  the  latter  has  been  stratigraphically  traced  in  the  Potomac  basin  in 
northern  West  Virginia,  shows  but  little,  if  any,  change  in  the  normal 
position  of  the  floras  as  far  south  as  Thomas,  in  Tucker  county,  where 
the  aeries  is  said  *  to  be  273  feet  in  thickness. 

Any  great  diagonalling,  therefore,  whether  of  floras  or  lithologic 
boundaries,  must  have  occurred  south  of  this  region,  or  within  125 
miles  of  the  Kanawha  and  along  the  shore  of  the  basin.  A  hasty  ex- 
amination of  the  available  material  leads  me  to  believe  that  a  slight 
change  in  the  lithology  of  the  uppermost  beds  of  the  Pottsville  occurred 
in  the  region  of  Pickens,  while  on  the  Holly  river,  within  60  miles  of 
the  Kanawha,  the  absence  of  the  typical  Allegheny  flora  for  some  dis- 
tance above  the  lithologic  Pottsville  boundary  is  noticeable.  The  field 
and  plant  data  at  hand  indicate  that  the  dilation  and  transformation  of 
the  beds  immediately  below  the  base  of  the  Allegheny  series  progress 
rapidly  from  Sutton  to  the  mouth  of  Twenty  Mile  creek.  This  most  im- 
portant change  becomes  more  and  inore  marked  in  proceeding  along  the 
margin  of  the  coalfield  from  Holly  river  to  the  mouth  of  Gauley  river, 
though  the  lithologically  new,  intermediate,  sub- Allegheny  series  (Ka- 
nawha in  part)  seems  to  expand  somewhat  farther  to  the  southwest. 

The  development  and  expansion  of  the  terranes  forming  the  lower 
half  of  the  Kanawha  formation,  as  distinguished  lithologically  from  the 
Pottsville,  occur  in  the  same  direction  and  in  the  same  region  aa  the 
great  expansion  of  the  Pottsville  formation.  The  latter  formation, 
which  is  but  little  more  than  400  feet  in  thickness  at  Piedmont,  on  the 
Potomac  river,  or  733  feetf  on  the  Black  water,  in  Tucker  county,  and 
which  appears  to  be  but  about  500  feet  in  Webster  county,  rapidly 
thickens  along  the  basin  of  the  Qauley  river  to  over  1,600  feet  where  it 
meets  the  Kanawha  river.  The  evidence  of  the  fossil  plants  shows  that 
the  isostatic  movement  in  the  southern  Virginian  region  which  rendered 
possible  the  deposition  of  about  2,400  feet  of  distinctly  Pottsville  sedi- 
ments in  that  portion  of  the  Appalachian  trough  continued  under  con- 

•  Op.  cit.,  p.  127. 

fBuU.  U.  S.  Geol.  Survey,  no.  fv>,  p.  187. 
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ditions  but  slightly  dijQTerent  during  early  Kanawha  time.  The  condi- 
tions of  subsidence  and  detrital  supply  and  distribution  in  this  region 
appear  to  have  been  such  that  the  greater  part  of  the  Kanawha  series 
was  laid  down  within  the  interval  represented  in  part  at  least  by  the 
conglomerates  and  sandstones  of  the  uppermost  Pottsville  in  the  Poto- 
mac and  northeastern  basins.* 

The  subsidence  in  the  Virginian  basin  appears  to  have  waned  rapidly 
northeastward  from  the  Kanawha  river,  since  beyond  Webster  and  Up- 
shur counties,  about  75  miles  distant,  the  Pottsville  assumes  a  some- 
what regular  though  variable  thickness,  while  the  thickness  of  the  Al- 
legheny series  at  Moatsville,  Barbour  county,  hardly  100  miles  from  the 
Kanawha  river,  is,  as  I  am  informed  by  Doctor  White,  but  about  350  feet. 
The  transition  from  the  northern  to  the  southern  phases  of  the  forma- 
tions would  seem  to  be  most  marked  in  Braxton  and  Webster  counties. 
There  are  indications  that  from  the  highly  arenaceous  and  very  variable 
sections  in  the  latter  region  the  lithologic  boundaries  diagonal  somewhat 
rapidly  in  passing  southward  under  the  conditions  attending  the  south- 
ern Virginian  isostatic  movement. 

If,  as  I  believe,  the  respective  Allegheny  floras  in  the  Potomac  basin, 
the  Allegheny  valley,  and  the  Kanawha  sections  are  contemporaneous, 
the  major  portion  of  the  sedimentation  in  the  Kanawha  valley,  or  over 
2,200  feet,  eastern  outcrop  measurement,  antedates  the  deposition  of 
the  Brookville  coal  in  northwestern  Pennsylvania.  Similarly,  from 
such  paleobotanic  evidence  as  is  now  in  hand,  it  appears  that  the  upper 
boundary  of  the  representatives  o£  the  Allegheny  series  lies  some  dis- 
tance, probably  over  200  feet,  above  the  Black  Flint ;  so  that  from  the 
paleobotanic  standpoint  the  Cannelton  and  Mahoning  coals  in  the 
Charleston  section  f  cannot* safely  be  regarded  as  younger  than  the  Free- 
port  group  of  the  Allegheny  valley.  If  this  be  true,  the  Allegheny  series 
will  show  no  extraordinary  expansion  on  the  Kanawha  river,  while 
the  Conemaugh  series  X  will  retain  its  full  normal  thickness  as  in  north- 
ern West  Virginia  or  in  Pennsylvania. 

*  The  paleontologic  evidence  bearing  on  this  subject  will  be  presented  when  the  PottaTiUe  and 
Kanawha  floras  are  fully  elaborated. 
fOp.  cit.,  p.  85. 
X  XIV,  Lower  Barren  Measures ;  Elk  River  series. 
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Introduction 


In  the  early  history  of  the  development  of  many  ore  deposits,  espe- 
cially those  of  silver  and  of  copper,  masses  of  rich  sulphide  ore  are 
encountered  which  lie  below  the  limit  of  surface  decomposition,  and 
which  are  very  often  soon  passed  through  in  mining  and  found  to  give 
place  more  or  less  abruptly  to  comparatively  poor  and  base  sulphide 
ores.  In  other  cases  "bonanzas"  are  encountered,  which  in  many  in- 
stances consist  of  rich  ores  of  a  mineralogic  character  wholly  unlike  the 

•Published  by  permission  of  the  Director  of  the  U.  8.  Geological  Survey.    Abstract  printed  in 
program  of  meeting  December,  1899. 
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main  mass  of  the  mineral  deposit;  or  sometimes  fissures  in  a  low  grade 
ore  are  filled  by  a  rich  ore.  Such  masses  are  believed  to  be  generally  of 
later  origin  than  the  original  vein  filling,  and  as  they  enrich  the  vein 
they  are  designated  as  sulphide  enrichments. 

Scope  op  Paper 

This  paper  is  an  attempt  to  explain  the  genesis  of  such  bodies  of 
sulphide  ores  as  enrichments  formed  by  the  redeposition  of  material 
leached  from  the  vein,  generally  by  superficial  waters,  and  to  show  the 
chemical  and  mineralogic  changes  involved  in  the  processes  and  the 
physical  conditions  under  which  the  ores  have  been  deposited. 

Not  only  is  the  process  one  that  has  played  an  active  part  in  the 
later  history  of  ore  deposits,  but  a  consideration  of  its  effects  leads  to  a 
review  of  the  changes  in  the  history  of  the  vein,  more  especially  in  re- 
gions where  marked  changes  of  water  level  have  resulted  from  physio- 
graphic revolutions.  At  an  early  date  I  hope  to  present  a  clear  illustra- 
tion of  the  importance  of  this  change  of  level  in  the  ore  deposits  of 
Butte,  Montana,  where  for  some  time  past  a  study  of  the  copper  veins  has 
been  made  by  Professor  S.  F.  Emmons  and  myself  for  the  United  States 
Geological  Survey. 

In  the  present  paper  I  attempt  to  prove — 

1.  That  the  leaching  of  a  relatively  lean  primary  ore,  commonly  by 
surface  waters  (but  it  may  be  by  deep  seated  waters),  will  supply  the 
material  in  soliition  for  such  enrichment. 

2.  That  the  unaltered  sulphides,  especially  pyrite,  will  induce  precipi- 
tation ;  that  the  material  precipitated  is  crystalline :  and  that  a  number 
of  mineral  species  are  commonly  formed,  and  are  now  forming,  in  veins 
by  such  reactions. 

3.  That  such  minerals  deposited  in  quantity  may  form  ore  bodies  of 
considerable  size  (bonanzas)  or  may  be  disseminated  through  the  lean 
primary  ore  in  strings  and  patches,  thus  enriching  the  ore  body  as  a  whole 
and  even  making  a  former  low  grade  body  of  sufficient  value  to  work. 

Definition  of  Sulphide  Enrichment 

By  secondary  sulphide  enrichment  is  meant  the  concentration  of  the 
metals  into  high  grade  sulphide  ore  bodies.  It  differs  from  what  is  often 
called  secondary  enrichment  (enrichment  in  which  the  character  of  the 
ore  is  improved  by  the  removal  of  its  worthless  constituents  and  the  non- 
rfemoval  of  the  valuable  metals),  and  it  should  not  be  confused  with  that 
enrichment  due  to  circulating  surface  waters  which  results  in  the  forma- 


ZONI2S  OF  OXIDATION   AND   ENRICHMENT  181 

tion  of  masses  of  oxide  carbonate  sulphates,  chloride  or  bromide  ores, 
which  are  enrichments  whose  origin  is  more  clearly  apparent  and  about 
which  there  is  no  doubt.  The  latter  deposits  belong  to  the  zone  of  oxida- 
tion proper  and  are  the  commonly  accepted  products  of  superficial  altera- 
tions of  ore  deposits.  Their  mineral  character  is  in  sharp  contrast  to  that 
of  the  sulphides,  sulpharsenites,  and  sulphantimonides  which  form  the 
subject  of  this  paper. 

Zone  of  Oxidation 

The  upper  parts  of  ore  deposits  are  generally  more  or  less  changed  by 
atmospheric  agencies  and  rarely  show  the  same  mineralogic  and  phys- 
ical features  that  prevail  in  the  lower  part  of  the  deposit.  If  the  original 
deposit  holds  much  pyrite  the  outcrop  is  often  a  mass  of  impure  limonite, 
the  **iron  hat "  or  "gossan ''  of  the  mines.  Lower  down  the  altered,  iron- 
stained  vein  matter  contains  the  carbonates,  oxides,  and  other  ores  re- 
sulting from  oxidation.  This  uppermost  part  of  the  vein,  which  is  often 
the  most  remunerative  to  work,  especially  in  gold  veins,  is  here  desig- 
nated the  zone  of  oxidation,  as  oxidation  has  been  complete  in  it.  This 
zone  practically  corresponds  to  that  of  superficial  alteration  of  most 
writers,  though,  as  will  be  shown,  it  is  really  only  the  upper  part  of  the 
portion  traversed  by  downward  seeping  surface  waters. 

Zonk  of  Enrichment* 

Beneath  the  zone  of  oxidation  and  between  it  and  the  unaltered  pri- 
mary vein  matter  lies  the  zone  of  enrichment.  Its  upi)er  limit  is  usually 
very  sharply  defined,  and  may  be  told  by  contrast  with  the  rusty  color 
of  the  overlying  deposit,  though  there  is  no  definite  plane,  but  usually 
an  extremely  irregular  boundary.  The  lower  limit  of  the  zone  of  enrich- 
ment is  also  very  irregular,  though  in  some  cases  it  is  sharply  defined. 
Generally,  owing  to  a  fracturing  of  the  original  vein  matter,  the  second- 
ary sulphides  occur  in  cracks  and  crevices  extending  down  into  the  pri- 
mary ore,  even  as  far  as  many  hundred  feet,  especially  along  fault  planes 
which  have  become  channels  for  descending  waters. 

Zone  of  primary  Sulphides 

The  lowest  part  of  the  vein,  below  the  permanent  ground  water  level, 
consists  of  the  unaltered  sulphides  which  compose  the  original  ore  of  the 
vein.     This  part  constitutes  the  zone  of  primary  sulphide  ore. 

*This  term  ha.^  been  already  u.sed  by  Komp  in  diMciis^iiig  t}io  clialoocitc  bodios  of  the  Butte 
(MoDtann)  copper  veins.    See  Ore  Deponits  of  the  United  States,  New  York,  189(i,  p.  16a. 
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It  is,  perhaps,  unnecessary  to  add  that  while  sulphide  enrichment  is 
believed  to  be  a  common  phenomenon  in  veins,  it  is  not  an  invariable 
accompaniment,  but  is  very  often  wanting. 

ENRICHIfBN'rS   DKSCRIBED    BY   PRKVIOUS    WRITERS 

The  importance  of  this  secondary  sulphide  enrichment  seems  to  have 
escaped  the  attention  of  most  geological  writers,  though  such  deposits 
are  familiar  to  many  practicing  mining  engineers.  The  most  prominent 
of  French  writers  on  ore  deposits,  De  Launay,  has,  it  ia  true,  recognized 
this  phenomenon,  describing  it  as  part  of  the  phenomena  of  superficial 
alteration  of  ore  deposits  in  an  essay  entitled  **  Contribution  h  L'6tude 
des  Gltes  M6tallif%res."  The  second  part  of  his  paper  is  devoted  to  the 
phenomena  of  superficial  alteration  and  of  the  renewal  of  migration  in 
the  constitution  of  ore  deposits.*  The  recognition  of  the  "renewal  of 
migration  "  is  the  essential  element  of  secondary  sulphide  enrichment. 
De  Launay  regards  many  vein  fillings  as  formed  by  the  direct  leaching 
of  preexisting  ore  deposits  through  a  concentration  of  material.  In  the 
latter  part  of  his  paper  De  Launay  gives  a  summary  of  what  is  known 
regarding  the  derivation  and  deposition  of  the  various  metals,  and  brings 
out  the  main  facts  upon  which  he  bases  his  views. 

Other  writers  have  alluded  in  a  casual  way  to  this  feature  of  ore  de- 
posits, Posepny,  for  example,  says : 

"The  chemical  effects  proceeding?  from  the  present  surface  .  .  .  involve  not 
only  the  phenomena  on  the  surface  itself,  but  extend  beneath  it  to  ground  water 
level  and  even  below  that  level  as  £Eir  as  the  vadose  circulation  is  traoeable.f  .  .  . 
The  solutions  formed  by  surface  waters,  like  those  of  mine  waters,  mostly  find 
their  way  to  the  point  where  the  water  level  reaches  the  surface,  yet  as  a  part  of 
the  ground  water  penetrates  to  ^sreater  depths,  such  solutions  may  very  likely 
produce  in  the  deep  region  itself  impregnations  which  must,  however,  differ  in 
character  from  those  produceii  by  the  deep  circulation.^  Meteoric  waters  i^arrying 
oxyijcen,  some  carbonic  acid,  and  minute  amounts  of  chlorides  will  first  oxidize 
whatever  is  oxidizable,  especially  metallic  sulphides.  The  ferric  sulphate  formed 
by  the  decomposition  of  the  easily  attacked  FeS^i  will  immediately  attack  tiie  latter 
minerals  of  the  series."  { 

Penrose  refers  very  briefly  to  this  feature  and  says :  **  Hence  the  richest 
bodies  of  ore  in  a  deposit  often  occur  between  the  overlying  altered  part 
and  the  underlying  unaltered  part."  || 


•  Sur  le  rdio  dos  ph6nom6ne8  d*alt6rHtion  Huperficielle  ot  do  romine  en  mouvement  dans  U  con- 
otitiitiou  do  res  gipementn.    Ann.  dos  Mines,  xii,  1897,  pp.  119-228. 
t(Tenc}»iH  of  ore  deposits,  pp.  135, 130. 
J  Loc.  cit.,  p.  136. 
^  Loc.  cit.,  p.  137. 
]  The  !4iiperflGlal  alteration  of  ore  deposits.    Jour,  of  Geology,  vol.  ii,  p.  294. 
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Emmons  has  ascribed  the  origin  of  the  great  bodies  of  rich  copper 
sulphides  at  Butte,  Montana,  to  secondary  deposition  and  transporta- 
tion, and  gives  a  very  clear  outline  of  the  possible  changes.  For  copper 
ores,  however,  there  seems  to  have  been  for  many  years  a  general  belief 
ill  secondary  deposition  based  upon  the  generally  accepted  explanation 
of  the  origin  of  the  black  copper  (sulphide)  ores  of  Duck  town,  Tennes- 
see, as  derived  from  the  material  leached  out  of  the  part  of  the  vein  now 
forming  the  gossan. 

Kemp  also  says  that  the  upper  400  feet  of  the  Butte  veins  is  leached 
of  copper,  while  below  are  found  the  bornite  and  chalcocite  bodies  of  the 
zone  of  enrichment. 

Upon  reviewing  the  literature  of  ore  deposits  the  writer  has  been  im- 
pressed with  the  almost  total  lack  of  evidence  to  show  that  secondary 
minerals  might  be  formed  by  such  leaching  or  decomposition  of  vein 
matter.  In  many  cases  bodies  of  rich  ore  are  mentioned  and  their 
structural  features  and  occurrence  described,  but  no  evidence  of  second- 
ary derivation  is  given.  • 

Chemical  Changes 
leaching  of  gossan  zone 

The  superficial  alteration  of  ore  deposits,  by  which  the  upper  part  of 
a  mineral  vein  is  altered  and  decomposed,  has  been  discussed  by  many 
writers  and  has  recently  been  fully  treated  by  Penrose.*  It  is,  however, 
necessary  to  consider  briefly  the  reactions  involved,  since  the  origin  of 
the  secondary  sulphides  lying  between  the  gossan  and  the  unaltered, 
oritrinal  vein  matter  is  usually  due  to  descending — that  is,  surface — 
waters.  In  general,  it  may  be  stated  that  in  many  instances  the  sec- 
ondary ores  are  deposited  above  the  level  of  deep  seated  water,  the  so- 
called  "  permanent  water  level,"  but  in  others  the  surface  waters  descend 
by  water-courses  and  channels  below  the  general  level  of  the  uprising 
deep  waters,  and  all  such  waters  eventually  mingle  with  them. 

Surface  waters  descending  through  the  relatively  porous  and  open  tex- 
tured gossan  of  a  vein  are  normally  oxidizing,  and  on  passing  downward 
usually  attack  the  unaltered  sulphides  and  deepen  and  extend  the  zone 
of  the  gossan.  As  the  waters  descend  they  are  robbed  of  their  oxygen 
hy  the  sulphides  which  they  decompose,  and  percolating  further  down- 
ward the  waters  which  at  first  were  strongly  oxidizing  in  character  are 
now  charged  with  various  salts  and  frequently  with  free  sulphuric  acid.t 


*  Jour,  of  Geology,  vol,  for  April-May,  1804,  p.  2«8.  See  also  Emmons  in  Engineering  and  Min- 
ing J  carnal,  vol.  64,  December  17, 1892,  p.  582. 

\K*,  for  iDfltance,  mine  waters  run  through  precipitating  tanks  at  Butt?,  the  zinc-bearing  waters 
of  Missouri,  etcetera.    Am.  Jour.  Sci.,  vol.  xliii,  May,  1892,  p.  418. 
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They  are  still  descending  waters  of  surface  origin,  but  have  lost  all  the 
characters  commonly  ascribed  to  surface  waters.  This  change  is,  of 
course,  due  to  the  reactions  involved  in  the  changing  of  the  vein  min- 
erals to  gossan.  The  common  metallic  sulphides  of  veins  are  pyrite, 
pyrrhotite,  chalcopyrite,  tetrahedrite,  enargite,  bornite,galena  (with  wh  ich 
quartz  is  most  commonly  associated  as  a  gangue  mineral)  and  a  little 
less  commonly  calcite  and  other  carbonates,  and  barite,  etcetera.  The 
changes  by  which  this  mixture  is  converted  into  a  mass  of  porous,  more 
or  less  pure  limonite  are  briefly  as  follows :  The  pyrite  alters  to  a  mix- 
ture of  iron  sulphates  and  sulphuric  acid,  which,  reacting  on  more 
pyrite,  eventually  forms  a  mixture  of  hydrated  oxides  (limonite  ores). 
The  reactions  commonly  assumed  are  as  follows : 

1.  FeS, -h  0, -r  H,0  =  FeS -i- HjSO^. 

2.  FeS  -f  H,S04  =  FeSO*  +  H,S. 

3.  FeS,  +  0,  4-  2H,S  --  FeS  -f-  2H,0  +  38. 

4.  S  -h  O,  +  H,0  =  H^SO^. 

5.  2F^S04  -f  O  -I-  H,S04  =  Fe,  (SO*),  +  H,0. 

6.  FeS  +  Fe,  (SO4),  =  SFeSO*  +  8. 

Pyrrhotite,  if  present,  is  attacked  as  in  the  second  equation  given. 
Chalcopyrite  and  bornite  are  commonly  assumed  to  consist  of  Cu,S  and 
FcjSj.  The  iron  sulphide  molecule  is  attacked  and  dissolved  by  the 
ferric  sulphate  present  in  the  water,  leaving  Cu,S  as  an  amorphous,  sooty 
material.  It  is  well  known  that  ferric  sulphate  will  attack  and  decom- 
pose metallic  sulphides.  It  has  been  shown  *  that  the  order  of  attack 
will  be  first  chalcocite,  then  galena,  then  blende,  the  reactions  being  of 
the  same  character  as  those  by  which  the  iron  sulphide  is  attticked.  The 
CujS  left  by  the  alteration  of  the  chalcopyrite  is  in  turn  attacked  by 
the  ferric  sulphate,  forming  cupric  sulphate,  ferrous  sulphate,  and  sul- 
phur. Lead,  zinc,  and  other  metallic  sulphides  are  in  their  turn  attacked 
by  ferric  sulphate,  forming  asulphateof  the  metal,  together  with  ferroua 
sulphate  and  sulphur,  the  latter,  of  course,  oxidizing  at  once  to  SO,  and 
sulphuric  acid. 

"  It  18  therefoi-e  evident  that  all  the  metallic  sulphides  will  be  dissolved  away, 
and  were  it  not  for  further  oxidation  of  the  iron,  ^ngue  alone  would  be  left  The 
process  has  been  stated  to  be  12FeS04  -f  60  +  H,0  =  4Fe,  (SO*),  -f  2Fe,Oa,  H,0 ; 
that  is,  as  no  further  supply  of  free  sulphuric  acid  (or  sulphur)  is  available,  the 
ferrous  sulphate  ciin  not  form  ferric  sulphate  and  is  therefore  precipitated  as  in  the 
e(iuation  and  partly  as  a  basic  sulphate,  GbVSo*  O,  SFe^Og  (>^0s),  an  insoluble  yellow 
substance  precipitated  from  ferric  hydrate  and  found  also  in  nature."  f 

*  EmmonH  :  Choinistry  of  gossiiu.    EiigiDoering  and  Miniug  Journal,  vol.  64,  X>eremb«r  17, 1892. 
t  Loc.  cit.,  p.  583. 
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In  very  many  cases  that  have  come  under  the  writer's  notice  chalco- 
pjrite  and  pyrite  carrying  copper  are  seen  altering  to  a  soft,  black,  sooty 
substance  which  soils  the  fingers  and  is  pulverulent  when  dry.  This 
proves  to  be  cupric  sulphide  when  tested  in  the  laboratory,  but  it  is  not 
crystalline.  Its  formation  is  readily  understood  if  we  accept  the  expla- 
nation just  given  of  the  alteration  of  chalcopyrite.  Chalcopyrite  being 
Cu,S,  Fe,8„  the  iron  sulphide  molecule  yields  more  readily  to  attacking 
solutions  of  ferric  sulphate  (which  by  hydrolysis  are  acid)  than  the  cupric 
sulphide,  and  the  iron  is  removed  and  Cu^S  left  as  the  amorphous  powder 
seen.  This  is  said  to  occur  because  copper  has  a  "  very  much  greater 
affinity  for  sulphur  than  iron.''*  •  After  the  greater  part  of  the  iron  is 
gone,  or  rather  converted  to  sulphate,  the  ferric  sulphate  solution  attacks 
the  Cu,S,  forming  the  amorphous  powder  seen,  and  removes  it  in  tuni, 
and  it  is  carried  a  greater  or  less  distance  before  it  is  redeposited.  In 
the  Gold  Hill  (Rowan  county,  North  Carolina)  specimens  the  copper 
sulphide  has  not  been  carried  far,  and  in  a  large  measure  has  by  the 
^[radual  lowering  of  the  limit  of  oxidation  been  converted  to  oxide  and 
carbonate  and  native  copper.  Hand  specimens  collected  by  me  show 
all  the  stages  of  this  alteration. 

As  the  sulphate  of  lead  is  virtually  insoluble  in  water,  it  can  only  be 
carried  downward  to  form  transposed,  redeposited  sulphides  by  an  in- 
termediate change  to  the  carbonate  through  carbonate  of  lime,  namely, 
PbSO,  +  CaCO,  =  PbCO,  +  CaSO,.  This  carbonate  is  soluble  in  waters 
charged  with  carbon  dioxide,  but  is  precipitated  by  carbonate  of  lime 
as  lead  carbonate.  Galena  is  also  dissolved  by  copper  sulphate,  as 
shown  by  experiments  in  which,  after  eleven  months'  immersion,  the 
galena  was  etched,  and  lead  sulphate  and  a  subsulphate  of  copper  was 
formed.t  If  the  vein  contains  much  pyrite,  supplying  an  abundance  of 
iron  sulphate,  the  upper  part  of  the  vein  will  be  leached  of  all  its  valu- 
able metals,  including  gold  and  silver,  as  it  is  well  known  that  ferric 
sulphate  dissolves  with  great  ease,  not  only  the  copper  sulphides,  but 
also  the  small  content  of  precious  metals  of  the  ore,  the  reactions  being 
.similar  to  those  just  given.  J  If  the  amount  of  ferric  sulphate  present 
is  relatively  small,  copper  oxide  and  carbonates  will  be  formed  in  the 
lower  part  of  the  gossan  and  in  cracks  and  fissures  in  the  underlying 
sulphide  ores,  be  they  original  or  secondary. 

That  the  metals  are  leached  out  of  the  gossan  and  go  into  solution  is 
well  known  at  almost  all  copper  mines.     For  other  metals  the  evidence 

♦The  series  ia  Hg  Ag  Cu  8b  Sn  Pb  Zn  Nl  Co  Fe  A8  Mn  (E.  A  M.  Jour.,  Oct.  Z\  1K9<»,  p.  4S4). 
S<M»  P.  Saodburger:  Untersnchungen  flber  Ereg^nge,  18^2,  nnd  Vogt:  Zoitschrift  fur  Pniktischo 
•ieologie,  vol.  i,  1893,  p.  262. 

tCompte  Rendu,  vol.  xx,  1845,  pp.  1509>-l5ao. 

I  Vogt :  ZeiUchrift  fOr  Prnktische  Geologic,  July,  1899. 
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is  also  abundant.  The  composition  of  a  surface  water  fillin<:j  a  mine  shaft 
130  feet  deep,  noted  by  Haworth  *  the  spring  water  of  unquestioned  su- 
perficial character  from  Missouri,  analyzed  by  Hillebrand,t  and  a  great 
many  analyses  of  vadose  waters,  published  by  Emmons  J  and  various 
other  writers,  establish  this  fact  beyond  a  doubt. 

If  other  proof  were  needed,  the  stalactites  formed  in  mines  afford  con- 
vincing evidence  of  the  solubility  of  metallic  sulphides  in  deoxidized 
waters.  Stalactites  of  blende  and  of  galena  are  found  in  the  mines  of 
Missouri.  The  percolating  waters  of  many  copper  mines  deposit  stalac- 
tites of  hydrated  iron  oxide,  and  of  copper  and  aluminous  sulphates. 
Such  deposits  have  bpen  found  in  the  Copper  Queen  mine  near  Bisbee, 
Arizona,  and  at  Butte,  Montana.  Douglas  describes  a  spring  water 
which  oozes  from  feldspathic  rocks  at  the  copper  basin,  Yavapai  county, 
Arizona.g  On  exposure  to  the  air  an  insoluble  mass  separates  out  which 
has  the  composition  given  below  : 

Silica 7.17 

Iron  and  alumina 16.21 

Copper  oxide 64.40 

Sulphur  trioxide 12.22 

In  time  this  sludge  is  converted  into  a  mixture  of  carbonate  of  copper 
and  alumina  that  binds  together  the  gravel  into  a  conglomerate. 

Sulphide  of  zinc  unquestionably  formed  by  the  action  of  cold  sulphu- 
retted water  coming  in  contact  with  an  aqueous  solution  of  zinc  sulphate 
has  been  found  at  Galena,  Mi^so^ri.  The  deposit  was  amorphous,  and  an 
analysis  by  J.  Dawson  Hawkins  showed  the  following  composition :  || 

Silica 1.49 

Fe 1.79 

Zn 64.17 

Sulphur 32.86 

•'       free 0.082 

Total 100.392 

DEPOSITION  OP  MATERIAL  PROM  SOLUTION  IN  THE  ENRICHMENT  ZONE 

When  the  waters  holding  the  metals  in  solution  trickle  down  into 
cracks  and  crevices  of  the  underlying  pyritous  ore  the  ferric  sulphate  is 
reduced  to  ferrous  sulphate,  and  the  gold,  silver,  and  copper  are  pre- 
cipitated.^ 

♦(ioology  of  load  and  zinc  district  of  Cherokoe  county,  Kansas,  1884,  p.  34. 

t  Am.  Jour.  Sci.,  vol.  xlii,  May,  1892,  p.  418. 

X  M ine.s  of  Cu«tor  county,  Colorado,  Seventoonth  Ann.  Kep.  U.  S.  Geol.  Survey,  189f»,  p.  411  et^eq. 

g  Trans.  Am.  Inst.  Mining  Engiuoors,  February,  181)U,  p.  25  of  pamphlet  edition. 

11  Malvern  W.  lies  :  Engineering  and  Mining  Journal,  vol.  49,  March  5,  1899,  p.  499. 

^  Vogt:  Das  Iluelva  Kiesfold,  Zeitschrift  fur  Prakti.ncho  Geologie,  July,  1899,  p.  ZTiO. 
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Though  the  reduction  of  copper  sulphate  tochalcocite  does  take  place 
to  a  limited  extent  in  the  oxidized  zone,  where  the  glance  is  generally 
soon  changed  to  oxide,  the  great  bodies  of  glance  and  bornite  found  be- 
neath the  water  level  are  probably  not  formed  in  this  way ;  they  result 
from  reactions  which  do  not  involve  the  presence  of  free  oxygen,  but 
depend  on  a  reduction  of  the  copper  sulphide  by  pyrite  from  the  sul- 
phate solution.  The  experiments  of  Brown  show  that  both  pyrite  and 
marcasite  are  decomposed  by  copper  sulphate,  and  copper  sulphide  is 
formed.*  According  to  the  modern  theory  of  solutions,  cupric  sul- 
phate in  solution  undergoes  partial  electrolytic  dissociation,  forming 

Cu  (OH),  and  H,SO„  the  latter  being  ionized  to  2  H  and  SO,,  while 

part  of  the  CuSO^  is  ionized  to  Cu  and  SO4.  The  writer  has  added  H,S 
to  a  solution  of  pure  copper  sulphate  and  obtained  a  precipitate  of  copper 
sulphide,  and  this  is  greatly  increased  in  amount  if  some  free  H,S04  be 
added.  It  has  been  asserted  that  pyrite  when  powdered  and  treated 
with  very  dilute  sulphuric  acid  will  give  off  sulphuretted  hydrogen. 
Qualitative  tests  made  for  me  by  Dr  H.  N.  Stokes  in  the  Survey  labora- 
tory upon  perfectly  pure  pyrite  failed  to  confirm  this  statement.  If, 
however,  pyrrhotite  is  added,  hydrogen  sulphide  is  at  once  evolved.  It 
was  found,  however,  that  the  pyrite  from  the  Butte  quartz  veins,  carry- 
ing mere  traces  of  copper,  when  powdered  and  treated  with  dilute  sul- 
phuric acid  gave  off  sulphuretted  hydrogen,  and  that  the  purest  chal- 
copyrite  of  Ducktown,  Tennessee,  and  cupriferous  pyrite  of  Gold  Hill, 
North  Carolina,  behaved  in  the  same  way.  It  is  therefore  certain  that 
the  pyrite  of  these  deposits  is  capable  of  precipitating  copper  sulphide 
from  down  seeping  waters  holding  copper  sulphate  and  sulphuric  acid. 
This  reaction  might  be  expressed  as  4CuS0,  +  3FeS,  +  iUfi  r=  2Cu,S  + 
3FeS0,  +  3H,S0,  4-  H,S,  and  for  pyrrhotite,  2CuS0,  +  2FeS  =  Cu,S  + 
2FeS0,  +  S,  while  for  chalcopyrite  2CuS0,  +  Cu,SFe,S,  +  H,SO,  = 
2Cu,S  +  SFeSO^  +  HjS.  The  hydrogen  sulphide  would,  of  course,  at 
once  attack  any  Cu(OH),  present  in  the  water  and  form  coi)per  sul- 
phide. In  these  reactions  the  influence  of  FeSO^  has  for  simplicity  been 
left  out.  The  H^S  formed  by  the  decomposition  of  the  pyrite  will  attack 
the  metallic  sulphates  present  and  form  sulphides,  as  shown  by  Doelter.f 

•Proc.  Amer.  Phllos.  Soc,  vol.  xxxiii,  May  18, 1894. 

tThis  inrestigator  has  made  sulphides  by  the  method  of  Senarmont,  with  the  difference  that  he 
made  them  at  temperatures  below  100  degrees,  and  the  time  was  extended  over  several  days  or 
W4*eks.  As  a  starting  point  he  frequently  used  minerals  which  contained  one  constituent  of  tho 
profiuct  which  was  to  be  prepared.  Thus  small  cubes  of  galena  were  formed  from  cerussito  which 
VM  treated  several  days  in  a  closed  glass  tube  at  a  temperature  of  80  to  90  degrees.  In  the  .«)ame 
manner  crystals  of  pyrite  were  formed  from  siderite,  magnetite,  or  hematite ;  from  cuprite,  chal- 
oooite.  Prom  malachite  crystals  of  covellite  were  formed.  (Translated  from  Chemischc  Min- 
eralogie,  Reinhard  Braun,  Leipzig,  1896,  p.  26C.) 
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Doelter  also  states  that  by  the  reaction  of  sulphuretted  hydrogen  on  a 
solution  of  silver  chloride  and  antirnoniate  of  potash  in  presence  of  car- 
bonate of  soda  in  closed  tubes  at  80  to  250  degrees,!niargyrite  (  Ag^.  Sb,S,), 
pyrargyrite  (3Ag,S,  Sb^Sj).  and  stephanite  (SAg^S,  Sb,Sj)  were  formed.* 
Silver  sulphide,  which  is  soluble  in  pure  water,  would  be  reduced  by 
H,S,  with  precipitation  of  the  sulphide,  and  the  sulpharsenate  and  sul- 
phantimonates  of  silver  may  be  formed  in  a  similar  way.  Zinc  sulphate 
is  reduced  to  blende  in  the  same  manner.  Doelter  says;  in  writing  of 
the  artificial  production  of  these  minerals,  thnt  dilute  solutions  are  more 
favorable  than  concentrated.!  Sulphate  of  zinc  is  at  ordinary  tempera- 
ture almost  as  soluble  as  sulphate  of  copper,  even  in  the  presence  of 
carbon  dioxide.  J  Bischof  states  that  sulphates  are  precipitated  by  H,S, 
resulting  in  dark  colored  masses,  but  when  precipitated  from  a  dual  solu- 
tion to  which  H,S  has  been  added  gradually  there  forms  on  the  surface 
of  the  liquid  a  thin  film  with  the  metallic  luster  of  galena.  Putting  this 
in  a  filter  and  washing,  one  finds  after  partially  drying  that  there  are 
small  particles  with  metallic  luster.g  Although  the  sulphides  prepared 
by  precipitation  from  solutions  of  metallic  salts  are  mostly  amorphous 
masses  without  luster,  they  may  be  obtained  artificially  with  metallic 
luster  by  the  slow  action  of  H,S  upon  very  weak  solutions,  or  precisely 
the  conditions  which  prevail  in  nature.  ^ 

Silver  brought  into  solution  by  ferric  sulphate  acting  on  argentiferous 
galena,  blende,  or  pyrite  probably  forms  silver  sulphate.  If  there  is  an 
excess  of  ferrous  sulphate  thus  formed  and,  as  no  more  easily  attacked 
substance  is  available,  the  ferrous  sulphate  and  the  silver  sulphate  will 
then  form  native  silver,  viz  :  Ag.,SO^  +  2FeS0^  =  Ag,  +  Fe,  (SOJ,,  and 
hencejin  many  cases  whatever  silver  is  found  in  the  vein  remains  in  the 
gossan  and  is  not  leached  out  and  redeposited  at  lower  levels.  Where 
other  conditions  prevail  redeposition  occurs. 

R.  C.  Hills  has  suggested  that  the  silver  and  the  gold  carried  down- 
ward by  waters  holding  ferrous  and  ferric  sulphates  has  been  precipitated 
through  the  decomposition  of  the  sulphates  by  feldspar.** 

As  noted  by  Vogt  and  other  observers  at  Konigsberg.  native  silver  is 
abundant,  as  an  alteration  product  of  silver  glance,  below  the  zone  of 
oxidation.  He  suggests  that  where  native  silver  occurs  in  minute  cracks 
in  the  country  rock  at  such  depths  it  may  result  from  the  reducing  ac- 

*  Braun*fi  Chemische  Mineralogie,  p.  2G7. 

fC.  Doelter:  AIlgomeiDe  Ohemische  Minernlogio,  Leipzig,  18{K),  chap,  iv,  p.  105  et  aeq. 

X  De  Launay  :L* argent,  p.  70. 

g  Brauirn  Chemische  Mineraiogie,  p.  2G0. 

\  Hishop  :  English  Tranti.,  voi.  iii,  p.  4fil. 

♦♦  Proc.  Colorado  Scientific  Society,  rol.  I,  p.  32. 
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tioQ  of  ferrous  silicates.*    Spurr  found  native  silver  occurring  in  similar 
situations  at  Aspen,  Colorado. 

In  the  lead  mines  of  Missouri,  Jenney  says  that  the  lead  and  zinc 
brought  into  solution  by  oxidizing  waters  are  reduced  and  precipitated 
as  sulphides  by  organic  matter  in  the  presence  of  alkaline  sulphates, 
PbO  CO,  +  CaO  S0,-+  H,S  +  2C  =  PbS  +  CaO  SO,  +  2C0,t  +  H,0. 

MINERAL  ALTERATION 

A  study  has  been  made  both  in  the  field  and  office  of  the  changes 
which  take  place  in  the  alteration  of  the  primary  sulphides  and  of  the 
panigenesis  and  the  association  of  the  redeposited  (secondary)  sulphides. 
The  data  are  more  abundant  for  copper  than  for  the  other  metals  be- 
cause the  facilities  have  been  more  abundant  for  the  observations  of  such 
deposits,  and  many  notes  have  been  gathered  in  brief  trips  to  Southern 
copper  mines  during  the  past  four  months.  Dana  says  chalcopyrite 
alters  to  bornite,  and  bornite  to  chalcocite.  I  have  observed  the  fol- 
lowing alterations :  Chalcopyrite  to  chalcocite,  this  to  cuprite,  this  to 
malachite,  and  the  latter  to  chrysocolla;  also  malachite  to  tenorite, 
and  cuprite  to  native  copper.  Bornite  is  seen  altering  to  chalcocite  and 
hematite.  The  oxide  and  carbonate  are,  of  course,  formed  only  by  super- 
ficial alteration,  but  native  coppei",  like  native  silver,  is  found  in  places 
where  its  formation  must  be  ascribed  to  the  deep-seated  reactions,  not 
to  oxidizing  waters. 

The  black  copper  of  Ducktown  and  Ore  Knob  obtained  from  the  Na- 
tional Museum  collection,  as  well  as  that  collected  by  the  writer  at  the 
mines,  is  proven  by  chemical  tests  made  in  the  United  States  Geological 
Survey  laboratory  to  be  entirely  chalcocite. 

ITie  fact  that  copper  glance  may  be  of  secondary  origin  is  not  gener- 
ally recognized,  and  has  been  denied  by  some  geologists.  Of  this  an  ex- 
amination of  the  specimens  leaves  no  doubt  whatever.  Not  only  is  the 
cupric  sulphide  formed  by  the  alteration  of  chalcopyrite  and  bornite 
through  the  agency  of  descending  surface  waters,  but  the  material  is 
actually  taken  into  solution  and  transported  and  redeposited  as  crystal- 
line glance.  In  literature  the  first  mention  of  crystalline  material  thus 
formed  is  in  an  account  of  the  Ducktown  material  by  Sterry  Hunt,  who 
states  that  crystals  of  glance  were  seen  by  August  Raht  in  druses  in  the 
ore.  In  this  ore,  however,  I  myself  have  been  unable  to  find  any  crys- 
tallized material,  even  after  a  very  careful  search  on  the  ground. 

The  unequaled  chalcocite  crystals  of  the  Bristol,  Connecticut,  copper 


•Jour.  Praktische  Geologic,  April,  18'J'J,  p.  250. 

t  W.  P.  Jonney,  In  Trans.  Am.  Innt.  Mining  Engineers,  1893,  p. 
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mine  occur  in  the  oxidized  zone,"*"  and  copper  glance  pseudomorphous 
after  chalcopyrite  in  the  quartz  veins  near  Georgieff,  in  the  Altai 
mountains,  is  described  as  occurring  with  hematite,  chrysocolla,  and 
malachite;  also  derived  from  copper  pyrite.t 

Emmons  and  Tower  have  stated  J  that  chalcocite  "  occurs  filling  frac- 
tures in  pyrite  and  chalcopyrite,  and  from  its  relation  with  these  min- 
erals and  bornite  it  is  certain  that  it  is  derived  from  the  two  latter  min- 
erals by  decomposition,  and  is  therefore  later  than  these  minerals." 
Bornite  is  also  mentioned  by  the  same  writers  as  an  alteration  product 
of  chalcopyrite. 

Kemp  has  called  attention  §  to  the  **  general  experience  that  the  car- 
bonates form  most  readily  when  the  original  sulphides  are  in  limestone, 
whereas  when  granite  or  some  similar  crystalline  rock  constitutes  the 
walls  chalcocite  or  bornite  results." 

With  these  exceptions,  I  have  not  found  in  the  abundant  literature  of 
mineral  alteration  and  mineral  synthesis  any  reference  to  the  formation 
of  crystalline  glance  by  secondary  alteration.  I  have  therefore  been 
somewhat  surprised  to  find  abundant  evidence  of  it  in  copper  ores,  not 
only  at  Butte,  but  elsewhere  in  Montana,  and  also  in  the  ores  of  North 
Carolina  and  Virginia.  The  glance  so  found  is  in  all  conditions :  amor- 
phous, massive  without  crystalline  texture,  massively  crystalline,  and  in 
crystals. 

Native  copper,  though  commonly  considered  as  a  product  of  oxidizing 
waters  only,  also  occurs,  as  already  noted,  under  conditions  which  show 
that  it  has  been  produced  far  below  the  zone  of  oxidation  and  where  no 
oxygen  has  been  present.  Thus  Douglas  has  described  ||  native  copper 
aH  occurring  in  the  Copper  Queen  mine,  "  not  at  the  surface,  where  ox- 
idizing agencies  have  been  most  active,  but  in  the  deepest  layers  of  the 
large  ore  bodies,  where  apparently  som^reducing  agent  has  been  more 
actively  at  work  than  elsewhere  and  where  the  ore  is  farthest  removed 
from  atmospheric  disturbance."  In  my  own  examinations  I  find  that 
the  native  metal  frequently  occurs  under  similar  conditions  at  many 
localities.  It  is  not  necessary,  however,  to  suppose  any  new  conditions, 
and  the  deposit  is  easily  understood  if,  as  is  commonly  the  case,  ordi- 
nary limestone  be  present.  The  carbonate  of  lime  will  reduce  the  copper 
sulphate  to  cuprous  oxide,  and  this  with  either  sulphuric  acid  or  ferrous 
sulpjiate  will  form  native  copper,  as  shftwn  by  the  following  equations : 

♦Silliniftn  and  Whitney,  Am.  Jour.  8«i.,  2d  «er.,  vol.  xx,  p.  361. 

fJeronnof :  Hull.  Academy  of  Si'icnces,  St.  Petersburg,  1897,  V.  6,  p.  37  ;  quot«d  in  Zciii^chrift 
Kryst.  Mincralogie,  1809,  v.  31,  p.  WW. 
X  ITudt-r  "  ParuKcnosiH,"  in  Hutto  Special  Folio,  folio  .39,  U.  S.  Geological  Survey. 
g  Oro  DopoHits  of  the  Tnited  StatoH,  2d  ed..  New  York,  1896,  p.  104. 
i  Trans.  Am.  luHt.  Mining  Engineers,  February,  1899. 
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2CUSO4  +  2CftOO,  =  2CaO  f  2Ca804  +  2C0,.    The  CuO  is  reduced  to  Cu,0  by 
organic  matter  in  the  limestone. 
CujO  -h  H,S04  =  Cu  -f  CUSO4  +  H,0  or  else  3Cu,0  -f  SFeSO^  =  6Ca  +  Fe,0,  + 

Fe,(SO,),. 

Specimens  collected  from  the  Union  Copper  company's  mine  at  Gold 
Hill,  North  Carolina,  are  especially  interesting.  The  primary  ore  is  a 
rather  fine  grained  gray  quartz  carrying  small  bunches,  strings,  and 
shreds  of  chalcopyrite. 

The  ore  body  is  fractured  by  vertical  planes  down  which  the  surface 
waters  percolate  and  alter  the  vein,  forming  the  well  defined  zone  of 
oxidized  ores  and  penetrating  to  a  greater  or  less  depth  along  the  vertical 
cracks.  As  already  noted  in  the  preceding  pages,  the  yellow  stained 
oxidized  ore  passes  into  an  ore  in  which  the  quartz  is  no  longer  trans- 
lucent and  solid  but  is  opaque,  white,  and  more  or  less  saccharoid,  and 
often  porous,  while  the  fragments  of  included  schist  have  been  changed 
by  the  acid  waters  to  a  white,  clayey  material.  Specimens  of  this  ore 
collected  by  me  show  the  lower  tip  of  a  vertical  "  pipe  "  of  oxidized 
ore  surrounded  by  the  altered  but  not  yet  oxidized  ore.  In  the  latter 
mineral  black,  sooty  masses  are  seen  whose  form  and  distribution  accord 
exactly  with  those  of  the  chalcopyrite  in  the  unaltered  primary  ore.  The 
yellow  stained  oxidized  ore  differs  in  showing  about  its  borders  a  band 
of  massive  crystalline  glance  often  mixed  with  cuprite,  the  oxide  pre- 
dominating toward  the  very  sharp  line  marking  the  limit  of  the  yellow 
iron  stained  ore.  The  specimen  shows  that  there  has  been  a  transposi- 
tion of  material  and  a  redeposition  of  the  copper  as  glance.  This  border 
or  halo  of  enrichment  is  very  common  in  the  ore  from  this  mine.  In 
the  more  perfectly  oxidized  and  iron  stained  ore  the  cuprite  is  changed 
to  malachite,  and  the  latter  sometimes  to  chrysocoUa.  In  other  specimens 
from  Gold  Hill  the  altered  white  quartz  carries  copper  glance,  beautiful 
crystalline  cuprite,  and  native  copper.  The  glance  occurs  not  only  scat- 
tered through  the  ore  but  in  little  clusters  of  crystals  through  the  clay 
and  rotten  quartz.  Other  specimens  show  massive  crystalline  glance  a 
quarter  of  an  inch  thick  coating  the  specimen,  the  surface  of  the  glance 
coated  with  a  very  thin  or  felty  covering  of  native  copper. 

In  the  main  body  of  the  vein  there  are  also  bunches  several  feet  in 
diameter  of  massive,  coarsely  crystalline  quartz.  In  this  material  the 
chalcopyrite  is  in  masses  an  inch  or  more  across.  Where  this  ore  has 
been  altered  the  chalcopyrite  has  been  changed  directly  to  massive  glance 
showing  a  crystalline  texture,  and  the  quartz  about  it  is  more  or  less  iron 
stained  and  the  glance  surrounded  by  a  film  of  red  oxide  of  copper 
changing  to  fibrous  malachite  along  cracks  in  the  quartz. 

In  ores  from   Copperopolis,  Meagher  county,  Montana,  glance  also 
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occurs  secondary  after  cupriferous  pyrite,  as  shown  by  several  speci- 
mens. The  ores  of  the  copper-bearing  diabase  dikes  of  the  '*  Blackfoot 
ceded  strip  "  in  northern  Montana  also  show  this  same  alteration,  with 
specular  iron  ore  accompanying  the  glance. 

Bornite  altering  to  glance  is  a  common  feature  of  the  ores  of  the  Vir- 
gilina  field  in  Virginia  and  North  Carolina.  Specimens  from  the  Blue 
Wing  mine  sliow  bornite  cracked  by  minute  fissures,  along  which  alter- 
ation has  taken  place  and  left  rounded  cores  of  bornite  surrounded  by  a 
shell  of  dull,  conchoidally  fracturing  glance  with  iron  oxide  outside  of 
this.  The  specimens  taken  below  the  level  of  permanent  water  show 
the  bornite  altered  to  chalcocite  and  the  iron  concentrated  in  nests  of 
laminated  specular  iron  ore. 

The  evidence  showing  the  secondary  nature  of  these  copper  minerals 
has  been  summarized  from  a  large  mass  of  material,  for  while  many 
writers  have  assumed  the  secondary  character  of  ore  deposits  formed  of 
these  minerals,  no  evidence  has  been  given  on  which  to  base  a  judgment, 
and  the  facts  have  lately  assumed  a  great  economic  importance  in  tiie 
legal  fight  now  being  made  for  the  possession  of  several  of  the  great 
copper  veins  at  Butte,  Montana. 

The  evidence  of  a  secondary  origin  of  other  metallic  sulphides  is  less 
abundant,  but  quite  sufficient  to  be  convincing.  The  first  writer  to 
describe  the  general  occurrence  of  such  minerals  appears  to  be  Walter 
P.  Jenney,  who  notes  their  appearance  in  the  lead  and  zinc  deposits  of 
the  Mississippi  valley.*  He  ascribes  the  formation  of  secondary  sul- 
phides of  lead  and  zinc  to  the  descending  oxidized  solutions  which  leach 
the  upper  parts  of  the  original  ore  body.     He  says : 

'*The  minerals  of  secondary  deposition  are  sulphides — pyrite  and  marcasite  de- 
rived from  the  iron  of  the  wall  rocks;  blende,  galena,  chalcopyrite,  and  greenock- 
ite  produced  by  alteration  from  the  primary  ores  in  tlie  zone  of  oxidation  in  the 
upper  [>ortion8  of  the  ore  bodies  and  reformed  as  sulphides  by  the  reducing  action 
of  organic  matter  in  the  deeper  levels.  In  addition  to  tiiese  sulphides,  sulphates, 
carbonates,  silicates,  and  phosphates  also  occur,  the  most  abundant  being  now 
anglesite  from  the  alteration  of  galena.  Barite  occurs  locally,  probably  derived 
from  a  gangue  of  the  ore.  Soluble  sulphates  of  zinc,  iron,  and  other  metals  arc 
also  found  in  the  drip  of  the  mines." 

In  discussing  the  order  of  de})Osition  of  the  minerals  he  states  that 
minerals  of  secondary  deposition  vary  in  their  paragenesis,  and  the  same 
mineral  may  occur  more  than  once  in  the  series.  Though  conforming 
to  no  absolute  order,  the  prevailing  sequence  is  as  follows : 

1.  Crystallized  white  and  rose-colored  dolomite  lining  cavities  in  the 
ore  body  and  filling  interstices  in  the  breccia. 

*  Trans.  Ana.  Inst.  MintDg  Engineers,  August,  1693,  p.  29. 
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*2.  Crystallized  blende,  usually  of  garnet  or  ruby  red  color,  often  in 
small,  brilliant,  translucent  crystals;  crystallized  galena. 

3.  Crystallized  pyrite,  marcasite,  chalcopyrite,  calcite,  barite,  and 
amorphous  tallow  clay. 

4.  Anglesite,  cerussite,  calamine,  smithsonite,  and  greenockite  result- 
ing from  the  alteration  of  the  ores. 

It  may  be  noted  that  the  primary  ores  are  composed  almost  wholly 
of  simple  sulphides  of  zinc  and  lead  and  of  the  gangue  minerals  dolo- 
mite and  clierokite  (crystalline  silica  with  spots  of  bitumen).  Calcite 
appears  to  be  in  all  casep  of  secondary  and  late  formation.  Pyrite, 
marcasite,  and  barite  are  probably  of  both  primary  and  secondary  depo- 
sition, but  are  of  subordinate  importance. 

In  personal  conversation  upon  the  subject  Mr  Jenney  tells  me  that 
the  teste  made  for  him  of  these  redeposited  sulphides  show  that  the  sec- 
ondary minerals  are  always  much  purer  than  the  primary  ones ;  thus 
the  blende,  which  is  always  colored  by  impurities  in  the  primary  ore,  is. 
almost  pure  and  translucent  in  the  redeposited  form.  The  galena  also 
is  much  purer  in  the  secondary  form. 

In  the  paper  quoted  he  says  :* 

"  The  perfect  faces  and  sharp  edges  of  crystals  of  blende  and  galena  found  lining 
the  water  channels  in  the  lower  parts  of  the  ore  body  show  that  below  the  zone  of 
oxidation  no  solution  or  decomposition  of  the  metallic  sulphides  takes  place. 
Even  where  the  lead  and  zinc  become  oxidized  and  pass  into  solution  in  the  cir- 
culating waters,  contact  with  the  oi-ganic  matter  contained  in  the  rocks  in  the 
presence  of  alkaline  sulphates,  which  occur  in  all  mineral  waters,  immediately 
reduces  and  precipitates  the  metals  as  sulphides. 

PbO,  CO,  4-  CaO,  SO,  +  H^O  -f  20  =  PbS  +  CaO,  CO,  +  200,  +  H,0. 

"  It  is  this  protective  action  of  the  organic  matter  disseminated  through  the  strata 
that  has  limited  the  zone  of  oxidation  to  so  shallow  a  depth  in  the  mining  regions, 
for  until  all  the  carbon  contained  in  the  rocks  is  first  consumed  by  oxidation,  no 
decomposition  of  the  minerals  can  occur  or  any  segregation  of  minerals  take  place.*' 

In  the  discussion  of  this  paper,  further  notes  are  also  given  upon  this 
process :  f 

"  The  only  deposition  now  taking  place  is  that  resulting  from  oxidation  of  the 
previously  existing  ores  and  their  reformation  due  to  the  secondary  action  of  ox- 
idizing surface  waters  precolating  downward  through  the  upper  portion  of  the  ore 
bodies.  Stalactites  of  blende,  galena,  and  marcasite,  not  infrequently  of  calamine, 
nnithsonite,  and  cerussite,  occur  in  the  vugs  and  open  channels  in  the  ore  bodies, 
bnt  they  all  appear  in  all  observed  instances  to  have  been  formed  by  the  second- 
ary action  of  surface  waters  in  the  primary  ore.'' 

^Trana.  Am.  Inst.  Mining  Engineers,  1893,  p.  222. 
t  Ibid.,  p.  646. 
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In  a  memoir  on  the  silver  deposits  of  Neihart,  Montana,  I  have 
described*  the  paragenesis  of  the  ore  and  gangue  minerals.  From 
a  careful  study  of  the  order  of  superposition  of  the  minerals  in  distinct 
crusts,  and  in  crystals  upon  earlier  minerals,  supplemented  by  that  of 
thin-sections  of  the  ores,  it  was  found  that  galena,  pyrite,  and  blende, 
which  form  the  primary  ore  minerals,  are  decomposed,  and  that  the  silver 
is  concentrated,  together  with  arsenic  and  antimony,  as  polybasite  and 
dark,  ruby  silver,  and  more  rarely  pure,  transparent  blende,  pure  galena, 
and  pyrite  are  deposited  as  secondary  minerals.  The  thin-sections  show 
galena  altering  to  spongy  polybasite.  Both  polybasite  and  pyrargyrite 
occur  on  all  other  minerals  as  crystalline  aggregates  and  crusts  and  arc 
not  in  any  case  coated  or  dotted  by  other  minerals.  Some  of  the  ma- 
terial shows  that  the  deposition  of  these  silver  minerals  is  still  going  on 
in  water  holes  below  the  normal  water  level  at  the  Florence  mine  at 
Neihart.  As  described  later,  the  occurrence  of  the  minerals  also  affords 
good  proof  of  their  secondary  character. 

SUMMARY  OF  CHEMICAL  AND  MINERA LOGIC  EVIDENCE 

The  evidence  afforded  by  a  study  of  the  original  unalteretl  ore  and  of 
ore  in  various  stages  of  alteration,  together  with  that  of  the  super- 
ficial waters  draining  masses  of  such  ore,  show  that  the  original  ore  is 
leached  by  surface  waters  which  take  into  solution  the  various  metals, 
and,  trickling  downward,  meet  with  and  are  decomposed  by  the  sulphides 
of  iron  present  in  the  unaltered  ore  below  and  deposit  new  sulphides  of 
the  metals.  The  copper,  silver,  and  gold  contents  of  the  original  ore  are 
thus  concentrated,  usually  with  antimony  and  arsenic' 

The  niineralogic  evidence  shows  that  the  chemical  precipitates  formed 
by  the  foregoing  reactions  are  true  minerals,  and  the  study  of  hand  speci- 
mens and  of  microscopic  slides  confirm  the  chemical  changes  outlined. 

Mode  op  Occurrence  op  Deposits  op  Secondary  Sulphide  Orks 

METHOD  ADOPTED  OF  PRESENTING  THE  SUBJECT 

In  the  following  pages  the  occurrence  of  masses  of  exceptionally  rich 
sulphide  ores,  such  as  copper  glance,  polybasite,  ruby  silver,  etcetera, 
will  be  noted,  and  it  will  be  shown  that  these  facts  prove  the  secondary 
nature  of  the  ore.  The  genetic  association  of  ores  of  this  character  with 
direct  superficial  alteration  or  secondary  post- vein  fractures  will  be  in- 

=*  Geology  of  the  Littlo  Belt  mountains,  Montana,  with  notes  on  the  Neihart,  Barker,  Yogo,  an<i 
otlier  mining  districts  of  the  region,  Twentieth  Ann.  Rept.  U.  S.  Geological  Surrey,  1i$0»-19<)0,  pp. 
257-572. 
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(Heated.  The  geologic  evidence  comprises  the  facts  showing  the  position 
of  the  ores  of  the  vein,  their  relation  to  structural  or  physical  features, 
and  the  alteration  of  the  ore  bodies  as  masses  in  contradistinction  to 
purely  mineral  alteration. 

For  convenience  of  presentation  the  different  ores  have  been  grouped 
according  to  the  predominance  of  their  principal  ore.  This  treatment 
necessarily  involves  a  slight  repetition,  since  silver  often  occurs  with 
copper  and  lead  with  zinc. 

COPPER 

For  many  years  past  there  appears  to  have  existed  among  mining 
engineers  and  a  few  geologists  a  tacit  and  sometimes  an  oj)enly  ex- 
pressed belief  in  the  secondary  derivation  of  many  deposits  of  copper 
glance.  This  statement  is  based  on  a  review  of  the  published  ac- 
counts of  a  number  of  copper  deposits  in  which  such  an  origin  has 
been  either  implied  or  stated,  though,  as  a  rule,  no  evidence  has  been 
presented.*  This  belief,  if  it  may  be  so  called,  has  undoubtedly  had  its 
origin  in  the  descriptions  of  the  Ducktown,  Tennessee,  deposits,  which 
are  described  in  all  the  text-books  on  ore  deposits.  The  mass  of  rich 
"black  copper"  ore  lying  between  the  limonite  gossan  and  the  un- 
altered pyrrhotite  has  been  stated  to  be  of  secondary  origin  ever  since  1856, 
when  Whitney  published  his  now  classic  work  on  "  The  Metallic  Wealth 
of  the  United  States."  In  accounts  of  these  deposits  by  Sterry  Hunt, 
Hermann  Credner,  Carl  Henrich,  and  lately  by  Professor  Kemp  the 
secondary  nature  of  these  ores  has  not  been  questioned,  and  the  com- 
monly accepted  theory  of  their  origin  has  been  the  leaching  of  the  former 
lean  sulphide  ores,  now  altered  to  gossan,  and  the  redeposition  of  the 
copper  to  form  the  rich  black  copper  ore.  Recent  studies  of  the  copper 
deposits  of  the  West  have  made  it  desirable  to  review  the  evidence  on 
which  this  theory  rests,  and  to  ascertain  if  bodies  of  crystalline  sul- 
phides have  been  formed  by  such  action  I  made  a  visit  to  this  locality 
in  December,  1899.  As  is  well  known,  the  conditions  prevailing  at 
Ducktown  are  peculiarly  favorable  for  a  leaching  of  the  gossan  zone, 
rainfall  is  frequent  and  heavy,  and  an  altitude  of  1,700  feet  above  sea- 
level  favors  rapid  and  considerable  changes  in  temperatures.  Moreover, 
the  region  has  not  been  glaciated,  and  the  gossan  zone  has  presumably 
been  forming  since  the  elevation  of  the  Tertiary  peneplain,  to  which  the 
district  belongs.  The  following  extracts  from  the  more  important  papers 
describing  this  locality  will,  it  is  believed,  serve  better  than  an  account 
by  me  to  show  the  occurrence  and  nature  of  the  secondary  ore. 

•See  Kemp  :  Ore  dopositj*  of  the  United  States,  2d  ed.,  New  York,  18%,  p.  164. 
XXVIII— Buf.L.  Gitof..  Soo.  Am.,  Vor..  11,  1809 
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Sterry  Hunt  wrote  :* 

"  The  ciiriouH  phenomenon  of  the  occurrence  of  the  black  ores  in  these  deposits 
between  the  gossan  above  and  the  unchanged  pyritous  ores  beneath  has  often  been 
described,  and  there  seems  no  reason  to  question  the  received  explanation  that 
they  owe  their  origin  to  the  reduction,  in  some  imperfectly  explained  way,  of  the 
sulphates  formerly  generated  by  oxidation  in  the  upper  portion  of  the  lodes,  which, 
as  is  well  known,  is  changed  into  a  porous  mass  of  hydrous  peroxide  of  iron  hold- 
ing more  or  less  oxide  and  green  carbonate  of  copper  in  its  lower  portions. 
Pyrrhotine  is  not  without  action  on  copper  solutions,  and  its  agency  has  been,  with 
great  probability,  suggested  by  Professor  Henry  AVurtz  as  accounting  for  the  pre- 
cipitation of  copper  sulphide.'' 

Secondary  ores  are  described  as  consisting  chiefly  of  sulphides,  some- 
times with  an  excess  of  iron,  but  more  commonly  with  a  large  percent- 
age of  copper  oxide.  They  are  said  to  approach  copper  glance  in  compo- 
sition, and  it  is  said  that  crystals  of  glance  have  been  observed  by  Mr 
August  Raht  in  this  ore,  which  at  times  approaches  bornite  and  chal- 
copyrite  in  composition,  and  held  in  it  grains  of  copper  or  crystals  of  red 
oxide. 

"It  is  commonly  impregnated  with  copper  sulphate,  the  drainage  waters  from 
which  contain  large  quantities  of  this  salt.  As  liigh  as  5,000  pounds  a  month  of 
cement  copper  hare  been  obtained  from  these  waters,  in  which  the  percentage  of 
copper  is  about  .001." 

Henrich,  in  a  paper  on  the  Ducktown  ore  deposit8,t  says : 

"  The  black  copper  found  below  the  gossan  had  a  very  little  black  copper  ore  or 
tenorite  (CuO)  in  its  composition.  Most  of  the  copper  in  it  probably  occurs  as 
copper  glance,  giving  to  it  the  black  color.  Native  copper  and  cuprite  are  occa- 
sionally present;  malachite  and  silicates  were  found  usually  near  the  edges  of  the 
black  copper  ore  bodies,  and  in  seams  and  stringers  in  the  lower  part  of  the  gossan. 
The  walls  alongside  of  the  black  copper  zone  were  penetrated  by  seams  and  fissures 
extending  5  to  12  feet  from  the  ore  body  and  carrying  green  carbonates." 

The  following  analysis  made  by  Doctor  A.  Trippel  is  quoted  by  sev- 
eral authors  in  their  descriptions  of  the  Ducktown  deposits : 

CuO 5.76  3.S0 

FeA 1.50  .63 

S 18.75  25.40 

Cu 71 .91  41.01 

Fe 93  26.56 

Sol.  sulph 72  1.78 

99.56      99.17 

*  Trans.  Am.  Inst.  Mining  Engineers,  vol.  ii,  1874,  p.  127. 
t  Ibid.,  March,  1895,  p.  37. 
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I  examined  the  old  black  copper  workings  at  Ducktown  and  found 
that  the  layer  of  this  ore  conformed  in  a  general  way  to  the  surface 
contour  of  the  ground  or  more  nearly  to  the  surface  of  the  under- 
ground waters.  The  accumulation  of  the  ore  in  a  well  defined  band  or 
layer  is  believed  to  be  due  to  the  massive  nature  of  the  original  ore, 
which  is  unusually  free  from  vertical  Assuring  such  as  would  afford 
access  for  waters  to  seep  downward,  while  it  does  show  flat  or  gently  in- 
clined fracture  planes.  The  occurrence  of  the  black  ore,  its  impregnation 
with  copper  sulphate,  the  fact  that  it  is  generally  moist  with  strongly 
acid  water,  all  show  that  the  process  is  still  going  on,  and  indeed,  in 
small  clefts  in  the  upper  surface  of  the  pyrrhotite  ore,  what  appeared  to 
be  recently  deposited  amorphous  black  copper  ore  was  found.  No  crys- 
talline ore  was  found  in  place,  nor  has  any  been  seen  in  specimens  of 
the  ore  in  various  collections.  The  deposit  appears  to  be  wholly  a  loose 
textured  sintery  mass  of  amorphous  copper  sulphide,  often  containing 
a  residual  skeleton  of  pyrrhotite.  It  is  not,  however,  tenorite  (CuO), 
nor  has  any  tenorite  been  found  in  numerous  samples  from  the  Duck- 
town  region  tested  by  or  for  me. 

The  Stone  Hill  (Alabama),  Ore  Knob  (North  Carolina),  and  Hillsville 
(Carroll  county,  Virginia)  copper  mines,  all  of  which  closely  resemble 
the  Ducktown  deposits  in  occurrence  and  character  of  ore,*  also  showed 
the  same  enrichment — ^a  layer  of  "  iron  black  friable,  drusy,  crystalline 
sulphuret  ore  inclosing  grains  of  quartz,  garnet,  magnetite,  and  a  black 
non-magnetic  mineral.  This  ore  carried  36  per  cent  of  copper  and  had 
the  mineralogical  character  of  purple  and  vitreous  ores."  t 

In  Arizona  oxidized  ores  of  copper  are  described  as  passing  in  depth 
to  chalcocite,  and  this  into  chalcopyrite  below,  at  the  Coronado  vein,  J 
and  in  minor  deposits  near  Bisbee.§ 

The  first  statement  that  secondary  enrichments  of  copper  veins  were 
of  general  occurrence,  and  that  the  ores  consist  of  crystalline  glance  and 
bomite,  appears  in  a  paper  by  De  Launay.||  He  says  chalcopyrite  and 
cupriferous  pyrite  alter  to  bornite,  chalcocite,  cuprite,  and  gray  copper, 
which  form  deposits  that  do  not  extend  far  in  depth.  The  deposits  of 
Monte  Catini,  in  Tuscany,  those  of  Rio  Tinto  and  San  Domingo,  in  Spain, 
and  Butte,  Montana,  are  cited  as  examples.  The  secondary  nature  of 
the  last  mentioned  deposits  is  also  maintained  by  Emmons  in  a  report 


•Sterry  Hunt:  Trans.  Am.  Inst.  Mining  Engineers,  vol.  ii,  1874,  p.  12.3;  E.  E.  Olcott,  in  Trans. 
Am.  Inst  Mining  Engineers,  vol.  iii,  p.  391 ;  R.  P.  Rothwell,  in  Engineering  and  Mining  Journal. 

t  Hunt:  TranM.  Am.  Inst.  Mining  Engineers,  1874,  p.  123. 

I  A.  F.  Wendt :  Trans.  Am.  Inst.  Mining  Engineers,  vol.'xv,  p.  52. 

I  James  Dooglas:  Copper  resources  of  the  United  States.  Trans,  Am.  Inst.  Mining  Engineers, 
S5«^ptember,  1891. 

I  Annates  des  Mines,  vol.  xii.,  1897,  pp.  191-195. 
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Upon  the  ore  deposits  of  that  district.*  He  has  suggested  that  the  sec- 
ondary deposition  or  transposition  of  the  copper  minerals  at  the  Rutte 
(Montana)  mines  may  have  been  produced  by  waters  descending  from 
the  surface.     He  says  further : 

"  Secondary  deposition,  or  transposition  of  already  deposited  minerals,  has 
played  an  unusually  important  role.  In  the  case  of  the  copper  veins  it  has  not 
been  confined  to  the  oxidizing  action  of  surface  waters,  which  has  resulted  in  an 
im)>overi6hment  of  the  ore  bodies,  but  below  the  zone  of  oxidation  it  has  resulted 
in  the  formation  of  the  richer  copper  minerals,  bomite,  chalcocite,  and  covellite, 
in  part  at  least,  by  the  breaking  up  of  original  chalcopyrite.  Unusual  enrichment 
of  the  middle  depths  of  the  lodes  has  thus  been  caused.  Whether  the  two  processes 
of  impoverishment  and  enrichment  have  been  difiering  phases  of  the  action  of  de- 
scending waters,  or  whether  the  latter  may  have  been  a  later  result  of  the  rhyolite 
intrusion,  has  not  yet  been  definitely  decided.  It  is,  however,  fairly  well  deter- 
mined that  the  em'ichment  of  the  copper  deposits  is  so  closely  associated  with  the 
secondary  faulting  tliat  it  may  be  considered  to  be  a  genetic  result  of  it. 

'*  In  the  silver  veins  surface  oxidation  has  resulted  in  general  in  the  enrichment 
of  the  ore  bodies.  No  certain  evidence  of  secondary  enrichment  in  the  sulphide 
zone  of  these  ore  bodies  was  obtained." 

A  very  important  contribution  upon  this  subject  has  recently  appeared, 
entitled  "A  Description  of  the  Pyrite  Deposits  of  the  Huelva  Region  in 
southern  Spain  and  the  adjoining  Portions  of  Portugal,"  in  which  Dr 
J.  H.  L.  Vogtf  says  that  the  amount  of  copper  in  the  pyrite  of  these  ore 
bodies  becomes  in  a  general  way  less  and  less  with  increasing  depth  at 
the  San  Domingo  mine.  The  ore  which  at  the  surface  has  4  or  5  per 
cent  of  copper  contains  at  a  depth  of  80  meters  but  2  per  cent.  At  100 
meters  the  copper  contents  has  fallen  to  1}  and  1 J  per  cent,  while  at  130 
meters  in  depth  the  ore  holds  only  about  U  percent.  In  the  ores  of  the 
Dionisio  mine  the  percentage,  which  is  4  per  cent  in  the  upper  levels, 
hivs  fallen  to  2  per  cent  at  200  meters  and  to  2 J  per  cent  at  350  meters. 
It  is  to  be  understood,  hesay^,  that  the  copper  contents  in  different  parts 
of  the  respective  levels  will  vary  somewhat,  though  the  average  contents 
always  grow  less  in  depth. 

This  impoverishment  in  depth  has  also  been  discussed  by  Klock- 
mann.J  He  coincides  with  the  view  held  by  all  the  Spanish  geologists, 
and  says  this  constant  decrease  in  depth  of  the  copper  contents  is  due 
to  the  fact  that  the  original  copper  contents  of  the  pyrite  of  the  upper- 
most part  of  the  vein  went  into  solution  through  weathering,  and  that 
the  copper-bearing  solution  then  seeped  down  along  cracks  and  fissures 
into  tiie  deeper  lying  pyrites.     It  there  formed  a  new  generation  of 

♦  Butte  Spi'firtI  Folio,  folio  ;w,  V.  S.  <icoloKlcal  Survey,  18118. 
tZoitPchrift  fur  Prakti»cho  Geologie,  July,  1899. 
t  Ibid..  1895,  p.  35. 
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minerals  rich  in  copper;  in  fact  that  they  do  often  find  cupper  glance, 
bornite,  and  chalcopjrite,  together  with  galena,  zinc  blende,  tetrahedrite, 
etcetera,  usually  accompanied  by  some  quartz,  in  the  cracks  and  fissures 
in  the  pyrite,  and  these  minerals  are,  without  doubt,  of  younger,  second- 
ary formation.  These  secondary  ores  sometimes  fill  the  cracks  so  large 
that  they  can  be  separately  mined,  and  the  mining  done  by  the  Romans 
was  chiefly  confined  to  these  rich  streaks  within  the  poorer  mass  of 
pyrite.  More  commonly,  however,  the  rich  ores  occur  in  quite  small 
fissures  which  form  a  branching  network  in  the  main  body  of  pyrite. 
That  the  copper  contents  of  these  secondary  minerals  has  been  derived 
from  the  weathered  ore  near  the  surface  is  shown  quite  clearly  by  the 
fact  that  these  little  veins  are  most  common  in  the  zone  immediately 
under  the  gossan.  They  usually  extend  to  some  100  meters  or  more  in 
depth,  while  below  this  the  pyrite  is  firm,  little  cracked,  and  compara- 
tively poor  in  copper.  In  discussing  these  observations  Professor  Vogt 
says : 

*'The  enrichment  described  by  Klockmann  of  the  copper  contents  of  the  upper 
part  of  the  ore  bodies  undoubtedly  plays  a  very  important  role.  From  my  own 
examination  of  the  different  mines  I  have  obtained,  however,  the  impression  that 
this  process  alone  was  not  sufficient  to  account  for  the  phenomena  described,  and 
that  the  decreasinf;  copper  contents  in  deptli  is  in  part  of  a  primary  nature.*' 

For  the  sake  of  analogy  he  also  mentions  the  fact  that  the  copper 
contents  of  the  ore  body  of  the  Vigsnas  mine  in  Norway,  which  is  now 
known  to  have  a  depth  of  735  meters,  becomes  less  in  depth,  and  that 
this  is  also  the  case  at  Fahlun,  where  the  pyrite  body  has  been  worked 
to  a  depth  of  350  meters. 

At  Gold  Hill,  North  Carolina,  the  workings  of  the  Union  Coppercom- 
jKiny  show  very  fine  examples  of  secondary  sulphide  enrichment,  but 
there  is  no  well  defined  zone  or  continuous  mass,  as  the  veiilTs  are  frac- 
tured by  vertical  fissures.  The  unaltered  ore  is  chalcopyrite,  which 
occurs  in  quartz  veins  traversing  schists,  following  the  foliation  in  part. 
The  ore  occurs  only  in  the  quartz,  which  forms  lenticular  masses,  us  is 
commonly  the  case  in  schistose  rocks.  The  veins  have  been  worked 
during  the  40  or  50  years  past,  the  deepest  openings  being  800  feet. 
They  were  worked  as  gold  properties,  but  showed  an  increase  of  copper 
in  descending  which  prevented  amalgamation  and  led  to  the  closing 
down  of  the  property.  The  Union  Copper  company  is  now  working 
several  of  these  veins,  one  of  them,  the  Big  Cut  copper  vein,  yielding 
considerable  ore,  which  has  been  shipped.  Superficial  alteration  has 
rotted  and  decomposed  the  upper  part  of  the  vein  so  that  it  closely  re- 
sembles the  saprolites  of  the  adjacent  schists,  though  redder  in  color. 
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This  changes  in  depth  to  a  rusty,  earthy,  silicious  mass,  holding  carbon- 
ates, oxides,  and  native  copper,  passing  downward  into  black  sulphuret, 
and  this  to  the  unaltered  sulphide.  These  changes  are  generalized,  since 
there  is  no  definite  level  of  any  one  kind  of  ore.  Owing  to  vertical  frac- 
turing, the  upper  and  lower  limits  of  the  brown  stained  oxidized  ore  are 
very  irregular.  This  is  especially  true  of  the  lower  limit,  channels  and 
pipes  of  oxidizing  waters  extending  down  180  feet  or  more  below  the  sur- 
face and  half  that  distance  into  solid,  unaltered  quartz  ore.  The  zone 
of  enrichment  marked  by  chalcocite,  in  part  altered  to  cuprite,  is  there- 
fore not  well  defined,  the  secondary  sulphides  being  scattered  about  in 
accordance  with  the  irregularities  of  the  water  line. 

At  the  very  interesting  copper  veins  of  the  Virgilina  district  of  Virginia 
and  North  Carolina  no  evidence  on  secondary  enrichment  was  obtained, 
as  the  quartz  veins  carry  chalcocite  and  bornite  and  near  the  surface 
the  superficial  alteration  products  of  these  minerals.  The  deepest  shaft 
is  now  but  300  feet  down,  and  it  will  be  interesting  to  see  if  the  glance 
changes  to  chalcopyrite  in  depth.  The  bornite  is  seen  altered  to  glance 
and  hematite  below  the  zone  of  oxidation  by  the  surface  waters.  This 
and  tlie  general  absence  of  either  pyrite  or  chalcopyrite  from  the  glance 
are  quite  unlike  other  deposits  of  the  east,  and,  in  fact,  of  the  west. 

Specimens  of  glance  from  the  Gila  river,  Arizona,  kindly  given  me  by 
Mr  S.  B.  Ladd,  are  similarly  free  from  pyrite  or  chalcopyrite,  but  both 
this  material  and  that  of  Virgilina  are  distinctly  crystalline  and  lack  the 
dull  fracture  and  structure  of  Butte  ores.  In  the  "  Blackfoot  ceded 
strip,"  on  the  east  side  of  the  fruit  range  in  northern  Montana,  dikes  of 
diabase  traversing  Algonkian  slates  carry  copper  ores.  The  original 
chalcopyrite  is  seen  cracked  and  fissured  with  alteration  chalcocite. 

SILVER 

The  ''bonanzas"  of  rich  silver  ores  like  those  of  the  Smuggler  and 
Mollie  Gibson  mines  of  Colorado,  and  of  silver-lead  or  pyritic  ores  air- 
rying  ruby  silver,  polybasite,  or  silver  glance,  are  believed  to  be,  in  many 
if  not  most  cases,  examples  of  secondary  deposition. 

The  first  writer  to  call  attention  to  secondary  enrichment  of  silver 
veins  is  I)e  Launay.  In  discussing  the  superficial  alteration  of  silver 
deposits  he  gives  a  summary  of  his  views,*  from  which  the  foUowinj,^ 
extract  is  taken : 

Near  the  surface  the  silver  in  the  veins  is  in  the  native  state,  with  chlorides, 
bromides,  iodide,  etcetera,  associated  with  oxide  of  iron,  manganese,  and  often  of 
copper.     If  the  gangue  is  sih'cious,  it  shows  a  i>orou8  honeycomb  aspect,  resnltins 


*  Ann.  <Jie8  Mines,  vol,  xii,  1897,  p.  221.    See  also  description  given  in  Kftrgent,  p.  96. 
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from  the  removal  of  the  sulphides  which  it  formerly  held.  Frequently,  too,  the 
red  and  j?ray  silver  ores  are  asaociateil  there.  These  ores  are  the  pacos,  chlorides, 
etcetera,  of  the  Spanish- American  miners. 

Deeper  down,  at  80  to  150  meters,  the  bonanza  zone  is  encountered,  where  the 
silver  is  in  the  form  of  glance  (AftS),  the  copper  as  chalcocite,  gray  copper  (often 
argentiferous),  and  bornite.  Iron  is  wanting  or  is  present  as  oxide.  Lead,  if  pres- 
ent, ifl  in  small  amount  and  mostly  in  the  form  of  the  carbonate. 

Still  lower  beneath  the  ground  water  level,  which  varies  from  400  to  500  meters, 
one  finds  a  complex  assemblage  of  primitive  metalliferous  sulphides,  galena,  which 
18  more  or  less  argentiferous,  copper  and  iron  pyrites,  arsenopyrite,  blende,  and 
rarely  silver  minerals. 

In  the  secondary  ores  of  copper,  gold  and  silver,  which  are  commonly 
present  in  small  amounts  in  copper  ores,  are  concentrated  in  gray  coppers 
or  Bn  native  gold  or  silver,  which  we  see  commonly  in  bornite.* 

Professor  Vogt  also  describes  t  the  recent  formation  of  a  gold  and 
silver  bearing  zone  beneath  the  iron  hat.  He  says  that  in  the  Rio  Tinto 
region  the  **  iron  hat  "  is  from  35  to  50  meters  deep,  and  consists  of  iron 
oxide  or  hydrated  oxide,  with  from  35  to  50  per  cent  of  iron,  some 
silver  in  part  as  basic  sulphate,  and  a  few  ten-thousandths  per  cent  of 
arsenic,  while  on  the  other  hand  the  copper  contents  are,  as  already  re- 
marked, entirely  oxidized  and  dissolved  out.  In  one  mine.  North  vein 
number  2,  at  Rio  Tinto,  there  occurred  between  the  "  iron  hat "  and  the 
underlying  comparatively  fresh  pyrite  a  layer  of  earthy,  porous  material 
bearing  gold  and  silver.  This  earthy  ore*,  though  a  few  decimeters  in 
thickness,  may  be  followed  continuously  over  the  entire  ore  body.  This 
very  marked  layer  follows  closely  the  irregular  plane  between  the  **  iron 
hat ''  and  the  underlying  pyrite.  It  everywhere  contains  an  average  gold 
and  silver  contents  of  from  15  to  30  grammes  gold  and  1.025  silver,  with 
a  value  of  about  150  marks  per  ton.  In  stripping  off  the  "iron  hat '' 
this  earthy  mass  is  carefully  laid  to  one  side,  and  has  thus  yielded  fully 
a  thousand  tons  of  ore.  It  is  clear  that  the  formation  of  this  gold  and 
silver  bearing  zone  is  connected  with  the  oxidizing  process  that  formed 
the  "  iron  hat,"  and  that  the  gold  and  silver  comes  from  the  very  small 
percentage  of  such  metals  in  the  primary  ores. 

Another  interesting  structural  feature  of  silver  bonanzas  is  their  occur- 
rence in  connection  with  faults  or  later  fractures.  This  is  also  true  in  the 
copper  mines  of  Butte,  as  pointed  out  by  Emmons.  It  is  probably  true 
in  the  Broken  Hill  Consolidated  mines,  Australia,  and  in  the  As})en 
district,  Colorado. 

In  his  monograph  on  the  Aspen  district,  Colorado,  Mr  Spurrjde- 

*  D«  Launay,  loc.  cit.,  p.  195. 

tZeitachrlft  ffir  Praktiache  Geologie,  July,  1899. 

I  J.  E.  Sparr :  Monograph  no.  xxzi,  Aspen  mining  district,  U.  S.  Geological  Survey. 
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scribes  the  occurrence  of  the  famous  ore  bodies  of  the  Smuggler  and 
Mollie  Gibson  mines  at  Aepen.  The  ore  consists  of  barite  and  poly- 
basite,  with  tennantite.  Although  Mr  Spurr  gives  no  definite  statements 
as  to  the  possible  secondary  origin  of  these  ores,  yet  the  sketch  wliich 
he  gives  on  page  183  and  the  descriptions  all  indicate  that  the  original 
ore  was  a  silver-bearing  lead  sulphide,  with  more  or  less  zinc  sulphide, 
formed  along  inclined  faults,  and  that  subsequent  to  the  formation  of 
these  ore  bodies  nearly  vertical  faults  displaced  the  ore  and  formed  the 
two  bodies  now  worked  at  the  mines  mentioned.  Although  in  these 
vertical  or  nearly  vertical  fissures  rich  polybasite  ore  is  now  found,  it 
does  not  extend  far  in  either  direction  from  this  fault,  and  the  descrip- 
tion of  the  ores  given  by  Mr  Spurr  indicates  that  it  is  derived  by  second- 
ary alteration  processes  from  the  lead  and  zinc  ore  bodies.  This  also  is 
indicated  by  the  fact  that  the  polybasite  is  in  part  altered  to  native  silver 
at  the  extreme  lower  end  of  the  ore  body. 

In  conversation  Mr  Spurr  has  admitted  the  possible  secondary  origin 
of  these  polybasite  bodies,  but  he  has  no  new  evidence  upon  the  subject. 
He  says : 

*'  This  oi'e  was  of  a  rich  character,  having  large  amoants  of  polybasite  and  native 
silver.  This  polybasite  body  appears  to  lie  in  a  sort  of  subordinate  shoot,  trending 
south  of  east  and  lying  at  tlie  Gibson  fault  plane.  This  shoot  is  marked  by  excep- 
tionally large  and  rich  bodies  of  a  nature  not  found  elsewhere  in  the  mine.  It  is 
noteworthy  that  this  rich  shoot  is  practically  the  lower  termination  of  the  ore  of 
the  Gibson  fault.  Most  of  the  ore  below  this  is  native  silver,  which,  from  the 
nature  of  its  occurrence,  is  manifestly  a  secondary  deposit  leached  from  the  rich 
ore  above.  Some  of  these  secondary  deposits  are,  however,  of  considerable  size, 
and  empty  vugs  are  often  found  beautifully  and  elaborately  festooned  with  deli- 
cate wires  of  silver.  Above  the  polybasite  ore,  however,  the  ore  appears  to  be 
pretty  continuous,  but  the  amount  of  silver  becomes  less.'* 

It  will  be  noticed  that  he  recognizes  the  secondary  nature  of  the  silver, 
and  that  the  polybasite  lies  between  the  native  silver  and  the  lead  surface, 

In  his  chapter  on  the  chemical  geology  of  the  region,  where  he  dis- 
cusses the  alteration  of  the  ore  deposits  and  of  the  limestones,  he  does 
not  adduce  any  new  facts  concerning  the  formation  of  the  polybasite  ore, 
but  he  does  state  that  iron  pyrites  carrying  small  amounts  of  arsenic, 
lead,  copper,  zinc,  cadmium,  cobalt,  and  nickel  are  found,  and  that  tetra- 
hedrite  is  also  very  common.  The  polybasite  is  said  to  be  later  than  the 
barite. 

A  very  interesting  and  remarkable  case  of  secondary  enrichment 
occurs  at  the  Broken  Hill  Consolidated  mine,  Australia,  described  by  Mr 
GeorgeSmith.*    Mr  Smith  shows  byhis  description  and  sketches  that  the 

*  Trans.  Am.  Inst.  Mining  Engineers,  1890,  p.  60. 
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lode  carrying  the  ore  faults  earlier  veins,  and  that  the  lode  worked  is  rich 
only  where  such  intersections  occur.  He  says :  "All  the  evidence  yet 
I>roduced  by  the  miners  development  points  to  an  essential  connection 
between  the  ore  deposits  and  cross-veins."  His  explanation  of  electric 
currents  seems  to  be  unnecessary,  but  may  well  supplement  a  leaching 
of  the  earlier  vein  and  the  concentration  of  material  at  the  point  shown. 
It  is  significant  that  the  ore  o(icurs  under  the  vertical  vein,  as  shown  in 
his  figure,  and  not  above  its  faulted  portion. 

The  only  examples  of  secondary  sulphide  enrichment  of  silver  veins 
which  I  have  carefully  studied  are  those  of  Neihart,  Meagher  county, 
Montana.  The  Neihart  ore  deposits  occur  in  metamorphic  gneisses  of 
supposed  igneous  origin  and  Archean  age,  and  extend  upward  into  the 
basal  beds  of  the  Belt  series  of  Algonkian  age.  They  are  sheeted  fissures 
that  cut  both  ancient  and  recent  igneous  rocks,  and  are  believed  to  be 
of  post-Cretaceous  age. 

The  veins  contain  silver-lead  ores ;  »nore  rarely  rich  silver  sulphides. 
The  ratio  of  gold  and  silver  is  one  dollar  in  gold  to  5  ounces  of  silver. 
The  common  ores  consist  of  galena,  blende,  and  pyrite  in  a  gangue  con* 
sisting  of  lime-magnesia-iron  and  manganese  carbonate.  The  rich  silver 
ores  consist  of  pol3'basite,  with  a  lesser  amount  of  pyrargyrite,  and  in 
the  oxidation  zone  of  native  silver  chalcopyrite  also  occurs.  Barite  is  a 
common  gangue  mineral,  but  occurs  in  much  smaller  quantity  than  the 
carl)onate  "  spar."  The  primary  ore  minerals  are  those  mentioned  above, 
excepting  perhaps  pyrargyrite.  Polybasite  more  commonly  occurs, 
however,  as  a  secondary  mineral. 

The  silver-lead  ores  vary  from  $20  to  $60  per  ton  ;  the  richer  ores  $100 
to  $200  or  more  per  ton.  The  vein  fissures  are  part  of  a  general  fissure 
system,  running  about  north  and  south  magnetic,  and  dipping  west  at  60 
to  80  degrees.  The  width  of  the  fissure  varies  in  the  different  rocks.  It 
is  widest  in  the  softer  schistose  rocks,  narrow  but  sharp  cut  in  the  mass- 
ive diorite,  is  irregular  and  narrow  in  tough  and  knotty  amphibolites, 
and  becomes  lost  in  a  multitude  of  little  fissures  in  rhyolite  porphyry. 

The  veins  are  commonly  zones  of  closely  sheeted  rock.  This  rock  is 
intensely  altered  and  decomposed,  and  the  vein  walls  practically  limit 
this  alteration.  The  ores  occur  in  more  or  less  persistent  streaks  of  car- 
bonates or  **  spar,"  and  rarely  show  quartz  in  this  altered  rock  or  vein 
matter.  The  payable  ore  bodies  occur  in  shoots.  Ore  deposition  was 
by  ascending  carbonated  waters,  producing  metasomatic  replacement 
along  fissure  lines.  The  veins  have  suffered  later  fracturing  and  secon- 
dary enrichment  of  the  zone  has  occurred  at  or  below  the  water  level, 
while  quartz  and  barite  have  been  deposited  in  the  open  spaces  of  some 

XXIX— Bull.  Okol.  Soo.  Am.,  Vol.  11.  1899 
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of  the  veins,  being  usually  accompanied  by  rich  silver  sulphide  ores 
showing  marked  crustification.* 

The  secondary  deposition  of  rich  silver  sulphides  has  played  an  un- 
usually important  part  in  the  ore  deposits  of  Neihart,  Montana.  In 
these  veins  it  consists  of  a  breaking  up  or  decomposition  of  the  primary 
ore  minerals,  chalcopyrite,  pyrite,  and  an  impure  argentiferous  galena, 
of  the  lode,  and  the  formation  of  the  rich  silver  minerals,  polybasite, 
pyrargyrite,  with  secondary  pyrite  and  blende.  These  secondary  min- 
erals are  always  found  in  connection  with  opeti  water  pipes  or  with  post- 
vein  fractures,  are  often  well  crystallized,  and  occur  commonly  with 
recent  quartz  in  vugs  and  along  open  fractures  by  which  descending 
waters  could  trickle  downward. 

The  products  of  superficial  alteration  are  largely  removed,  and  the  zone 
of  gossan  or  the  barren  leached  lode  is  less  than  50  feet  deep,  or  may  not 
exist.  Beneath  this  leached  and  impoverished  part  of  the  lode  there  is 
generally  an  irregular  accumulation  (sometimes  regular  enough  to  be 
called  a  layer)  of  a  sooty,  black  ore  consisting  of  manganese  and  silver 
sulphide,  the  material  often  being  quite  rich  in  silver.  In  the  rhyolite 
porphyry,  where  the  veins  are  not  well  defined  but  are  a  mass  of  shat- 
tered rock,  the  crevices  for  40  to  100  feet  or  more  downward  are  filled 
with  this  material.  Where  the  lode  is  well  defined  the  secondary  anti- 
monial  sulphides  occur  below  at  first  in  considerable  abundance,  but 
deeper  down  only  in  crevices  and  fissures,  partly  or  wholly  lining  filled 
fractures,  so  that  they  become  less  and  less  abundant  in  going  downward 
on  the  vein.  There  is  therefore  an  unusual  enrichment  of  the  upper 
part  of  these  veins — that  is,  of  what  is  now  the  upper  part. 

The  transposition  and  redeposition  of  ores  with  enrichment  in  silver 
can  be  easily  conceived  to  take  place  by  means  of  water-courses  convey- 
veying  the  deoxidized  surface  waters  to  considerable  depths,  a  common 
feature  in  many  of  our  western  minee.f  The  ruby  silver  of  the  Trout  and 
Hope  mines  and  the  rich  sulphides  of  the  Granite  Mountain  mine,  near 
Phillipsburg,  Montana,  2,000  feet  below  the  surface,  associated  with 
clear  evidence  of  partial  oxidation,  are  examples  seen  by  me.  The  very 
rich  ores  of  the  Ruby  mine  on  Lowland  creek,  near  Butte,  Montana,  and 
the  high  grade  ore  shoot  of  the  Hope  mine  of  Basin,  Montana,  show  geo- 
logical conditions  suggesting  a  similar  origin.    Microscopic  examinations 

•  The  foregoing  description  is  an  abstraot  of  a  chapter  on  the  Neihart  ore  deposits  forming  pari 
of  a  report  on  the  geology  of  the  mining  districts  of  the  Little  Belt  mounUins,  Montana.  Twen- 
tieth Annual  Report,  U.  8.  iteologicul  Survey  for  1898-'99,  part  iii,  p.  403. 

t  TheMe  water-courses  occur  at  Elkhorn,  Montana,  2,000  feet  below  the  surface.  That  they  are 
the  channels  of  descending  waters  Is  clearly  proved  by  the  main  workings,  although  the  perma- 
nent water  level  of  the  country  is  only  a  short  distance  below  the  ground,  and  the  oxidised  ort-s 
extend  down  for  600-700  feet  only.    Tl>e  rocks  are  limestone. 
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of  thin-sections  of  the  Drum  Lummon  ore,  Marysville,  Montana,  seenn 
to  indicate  a  secondary  origin  for  the  extremely  rich  silver-gold  ores  of 
that  lode. 

In  the  first  few  years  following  the  discovery  of  the  enormously  rich 
placer  deposits  of  Montana  many  discoveries  of  rich  silver-bearing  lodes 
were  made.  These  held  enormously  rich  deposits  of  silver  sulphides 
and  sulphantimonides  beneath  the  shallow  layer  of  oxidized  ore;  but 
these  enrichment  deposits,  which  led  to  most  extravagant  ideas  of  the 
future  of  this  region,  were  soon  exhausted,  and  when  the  leaner,  baser, 
primary  ores  were  encountered  work  was  usually  suspended. 

ZINC 

The  secondary  origin  of  bodies  of  zinc  blende  at  Leadville,  Colorado, 
has  been  maintained  by  Blow,*  who,  in  describing  their  occurrence 
there,  writes : 

The  zinc  sulphides  are  the  most  widely  disseminated  and  show  plainly  the  re- 
salt  of  their  more  ready  solubility  than  t|he  other  sulphides  and  the  redeposition 
of  a  large  portion  of  the  zinc  which  has  thus  been  removed  from  the  carbonate 
ores.  This  fact  is  clearly  shown  in  many  ways,  but  most  satisfactorily  just  at  the 
line  of  transition.  The  sulphides  first  encountered  are  invariably  heavy  sulphides 
of  zinc,  carrying  a  little  iron  and  very  little  lead.  They  have  a  close  crystalline 
structure  and  lie  in  a  laminated  form,  the  lines  of  fracture  being  nearly  vertical. 
Upon  these  cleavage  planes  crystals  of  cernssite  are  found,  and  often  a  small  in- 
crustation of  native  silver.  Such  deposits,  where  first  encountered  in  passing  from 
oxidized  to  unozidized  ores,  are  always  lowest  in  silver.  In  their  further  exten- 
sion the  zinc  gradually  grows  less  and  the  laminated  structure  disappears.  Beyond 
this,  again,  the  zinc  sulphides  appear  to  predominate  along  cleavage  and  contact 
planes  with  the  gray  porphyry  or  along  the  lines  of  minor  faults  and  cracks  in  the 
limestone.  Such  characteristics  are  also  universally  observed  in  other  instances 
besides  those  of  Iron  Hill. 

It  seems  probable  that  a  lai*ge  proportion  of  the  zinc,  which  was  totally  removed 
from  the  carbonate  ores,  has  been  redeposited  as  a  sulphide,  and  principally  just 
below  the  line  of  complete  oxidation,  by  surface  waters,  and  such  redeposition  has 
advanced  and  increased  pari  passu  with  the  limit  and  extent  of  such  oxidizing 
action. 

As  a  corollary  of  the  above,  it  is  believed  that  at  the  present  stage  of  develop- 
ment in  Leadville  the  sulphide  of  >  zinc  forms  a  larger  part  of  the  unoxidized  ores 
than  will  be  found  in  future  and  deeper  exploration. 

There  is  also  evidence  going  to  show  that  the  action  of  alteration  and  second- 
ary deposition  has  extended  for  a  considerable  distance  within  the  sulphide  bodies. 
Ill  ores  of  this  class  the  silver  values  are  found  concentrated,  as  it  were,  with  pre- 
ponderance of  either  the  zinc,  lead,  or  iron  occurring  in  lenticular  masses  or 
patches,  surrounded  by  low  grade  ore,  and  forming  bonanzas  of  great  value.  These 
bonanzas  are  rarely  found  near  the  flanks  or  sides  of  the  chute,  but  generally  in 
its  center  and  with  no  connection  one  with  another. 

*  A.  A.  Blow,  in  Trans.  Am.  Inst.  Mining  Engineers,  June,  1889. 
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The  notes  by  Jenney  and  lies  mentioned  show  that  secondary  sine 
sulphide  is  formed  at  other  localities.  The  writer  has  iilso  seen  zinc 
blende  as  a  later  formed  mineral  incrusting  fractured  primary  ore  and 
resting  on  secondary  quartz  and  pyrite  in  specimens  from  Neihart, 
Montana.  Tiiis  secondary  blende  differs  greatly  in  appearance  from 
that  of  the  primary  ore,  being  translucent,  with  well  formed  individual 
crystals,  while  that  of  the  older  generation  is  dark  colored,  impure, 
massive,  and  generally  fractured. 

Conclusions 

From  what  has  been  shown  it  is  concluded  that  later  enrichment  of 
mineral  veins  is  as  important  as  the  formation  of  the  veins  themselves, 
particularly  from  the  economic  standpoint.  The  enrichment  is  usually 
due  to  downward  moving  surface  waters,  leaching  the  upper  part  of  the 
vein  and  precipitating  copper,  silver,  etcetera,  by  reaction  with  the  un- 
altered ore  below.  In  many  cases  the  enrichment  proceeds  along  barren 
fractures  and  makes  bonanzas.  In  others  it  forms  films,  pay  streaks,  or 
ore  shoots  in  the  body  of  leaner  original  ore.  In  still  other  oases  the 
leaching,  transposition,  and  redeposition  are  performed  by  deep  seated 
uprising  waters  acting  upon  the  vein. 

*  As  a  consequence  of  this,  veins  do  not  increase  in  richness  in  depths 
below  the  zone  of  enrichment. 

The  practical  bearing  of  the  phenomena  described  and  the  deduction 
drawn  from  them  will,  I  think,  be  apparent  to  every  mining  engineer 
and  geologist.  If  my  views  be  correct,  the  future  of  many  ore  deposits 
is  to  be  judged  in  the  light  of  these  facts,  and  the  value  of  the  mine 
must  not  be  based  on  the  presumption  that  the  ore  will  continue  in 
unabated  richness  in  depth. 
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The  Approach  fuom  Rome 

The  express  trains  from  Rome  to  Naples  begin  their  journey  with  an 
oblique  ascent  of  the  long  northern  slope  by  which  the  ancient  Alban  vol- 
canic group  descends  to  the  Campagna,  and  thus  gain  the  flat  pass  near 
Palestrina,  between  the  old  volcanoes  and  the  limestone  range  on  the 
east.  On  the  way,  while  crossing  the  radiating  spurs  and  valleys  of  the 
northern  slope,  fine  views  are  opened  on  Rome  and  the  Campagna  from 
the  embankments,  and  excellent  sections  of  lava  flows  and  stratified 
tuffs  are  shown  in  the  cuttings.  In  two  of  the  latter  the  lava  beds  ma^ 
be  seen  in  section  lying  in  a  broad  flat  trough  of  tufaceous  shale,  and 
thus  indicating  that  since  these  lavas  were  poured  down  between  low 
radiating  ridges  on  the  flanks  of  the  volcano,  the  ridges  have  been  worn 
away  to  produce  the  existing  valleys — an  inversion  pf  topography  well 
known  to  be  characteristic  of  such  situations. 

The  pass  by  Palestrina  is  crossed  in  a  long  and  deep  cut  by  which  the 
summit  level  is  somewhat  reduced ;  then  the  train  begins  a  rapid  descent, 
and  as  one  looks  forward  on  the  right  he  may  soon  see  the  Lepini  moun- 
tains, a  well  dissected,  plateau-like  mass,  rising  in  the  distance.  As  the 
journey  is  continued,  the  mountains  are  perceived  to  descend  by  a  strong 
northeastward  slope  to  the  broadly  aggraded  valley  floor  of  the  Sacco.  a 
rich  agricultural  plain,  annually  spaded  over  (plows  seem  to  be  unknown) 
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by  the  laborious  peasants  of  the  neighboring  villages.  Whole  families 
may  be  seen  working  together,  from  grandparents  to  grandchildren — 
fathers  and  mothers,  sons  and  daughters.  The  railway  follows  the  eastern 
border  of  the  plain.  On  looking  westward  to  the  mountain  base,  a  dis- 
tance of  about  3  kilometers,  one  may  see  a  bare  rocky  scarp,  with  a  height 
of  30  meters  or  more,  following  along  the  base  of  the  steeper  mountain 
front,  above  a  gentler  piedmont  slope  that  descends  to  the  alluvial  plain. 
When  this  scarp -was  first  seen,  on  my  way  to  Naples,  it  recalled  very 
distinctly  the  little  cliffs  produced  by  faulting  in  the  western  base  of  the 
Wahsatch  range  south  of  Salt  Lake  City,  as  exhibited  to  the  excursion- 
ists of  the  International  Geological  Congress  of  1891,  while  under  the 
guidance  of  Mr  Gilbert;  so  I  resolved  to  have  a  closer  look  at  the  base 
of  the  Jjcpini  mountains  after  returning  to  Rome. 

The  villages  of  Scurgola  and  Morolo  lay  close  to  the  line  of  the  scarp 
near  its  northern  and  southern  ends,  as  well  as  could  be  seen  from  the 
train,  with  a  distance  of  about  8  kilometers  between  them.  Local  rail- 
way stations  of  the  same  names  served  as  the  beginning  and  end  of  two 
excursions  on  foot  a  fortnight  after  my  first  sight  of  the  place. 

Local  Geology 

Between  two  visits  to  the  Lepini  fault  scarp  1  had  opportunity  at  the 
office  of  the  Geological  Survey  in  Rome  of  looking  over  what  has  been 
published  concerning  the  geology  of  the  region  in  question.  The  most 
important  articles  are  by  C.  Viola,*  from  whose  reports  and  from  the 
geological  map  of  the  district  it  appears  that  the  Lepini  mountains  con- 
sist of  a  great  mass  of  Cretaceous  limestones,  here  and  there  capped  with 
Eocene  beds,  all  uplifted  and  moderately  deformed  and  separated  from 
the  Eocene  of  the  Sacco  valley  on  the  northeast  by  a  strong  fault  trend- 
ing northwest  and  southeast,  with  a  dislocation  of  1,200  meters  or  more. 
Several  small  Quaternary  volcanoes,  now  extinct,  are  described  on  the 
more  southern  part  of  the  fault  line. 

The  Mountain  Front 

A  view  of  the  mountain  front,  as  seen  from  Morolo  station,  shows 
the  fault  scarp  along  the  mountain  base  very  clearly.  No  account  of 
the  scarp  will  be  given  in  the  present  section  of  this  article,  which  deals 
only  with  the  slope  above  the  scarp. 

*  Osservazioni  fatti  siii  monti  Lepini.    UoU.  R.  Comm.  Gool.  d'ltalia,  xxy,  1894,  152-150. 

Le  Valle  del  Sacco,  etc.     Ibid.,  xxvl,  1895,  13(>-143. 

Cenne  delle  osservAzioni  fatti  .sui  monti  Lepini  nel  1894.     Ibid.,  xxvi,  1895,  322-^25. 
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If  the  original  uplift  of  the  mountain  mass  ever  produced  a  great 
fault  cliff,  all  traces  of  it  are  now  destroyed  by  erosion ;  for  the  moun- 
tain front  is  today  elaborately  carved  into  a  succession  of  huge  buttress- 
ing  spurs  separated  by  great  ravines.  The  stream  lines  of  the  ravines, 
dry  at  the  time  of  my  visits,  are,  as  a  rule,  unbroken  by  a  sharp  descent 
over  rock  ledges.  The  ravine  floors  are  for  the  most  part  strewn  with 
waste  derived  from  the  converging  slopes — that  is,  the  intermittent 
streams  of  the  ravines  have  generally  reached  a  graded  condition,  their 
slope  being  just  about  sufficient  to  give  a  carrying  power  that  enables 
them  to  deal  with  the  waste  that  is  washed  down  from  above  and  from 
either  side.  Only  near  the  head  of  the  ravines,  where  the  process  of 
grading  would  be  latest  completed,  are  strong  ledges  and  cliffs  still  bare. 

The  slopes  of  the  buttressing  spurs  are  also  generally  well  graded  in 
their  middle  and  lower  parts  to  an  even  angle  of  descent,  and  thinly 
veneered  with  waste.  Olive  orchards  are  cultivated  on  the  lower  slopes. 
It  is  true  that  some  of  the  more  resistant  beds  of  the  nearly  horizontal 
limestones  may  be  traced  in  more  or  less  continuous  outcrops,  contour- 
ing forward  around  the  buttresses  and  turning  back  into  the  great  ravines ; 
but  the  ledges  thus  determined  are  not  strong  enough  to  break  the 
general  impression  of  even  descent  that  characterizes  the  slopes.  The 
front  base  of  each  buttress  is  more  or  less  distinctly  truncated  by  a 
triangular  facet,  also  of  generally  graded  slope,  leaning  back  from  the 
vertical  at  about  the  same  inclination  as  that  of  the  sloping  sides  of  the 
ravines.  The  slope  of  the  ravine  floors  is  much  less  steep  than  that  of 
the  sides ;  yet  their  descent  is  by  no  means  gentle.  Taken  altogether, 
the  carving  of  the  ravines  and  buttresses  to  their  existing  form  means 
long  and  patient  erosive  work,  persistently  acting  with  respect  to  some 
well  maintained  piedmont  baselevel,  a  work  that  must  have  reached 
the  satisfactory  condition  of  established  grades  first  in  the  lower  parts 
of  the  ravines,  later  in  their  higher  parts,  and  still  later  on  the  tribu- 
tary slopes  of  the  spurs.  If  any  depressions  had  originally  existed  in 
the  piedmont  part  of  the  drainage  ways,  they  must  have  long  ago  been 
aggraded  by  the  plentiful  waste  that  has  been  discharged  from  the 
ravines.  Continuity  of  graded  descent  with  decreasing  declivity  for- 
ward from  the  mountain  front  should  therefore  be  an  assured  accom- 
paniment of  the  normal,  undisturbed  conditions  indicated  by  the  well 
graded  forms  of  the  carved  mountain  front. 

The  Rock  Fans 

A  cross-section  of  any  one  of  the  ravines  in  its  middle  course  shows 
a  V-shaped  profile,  somewhat  rounded  at  the  lower  angle;  but  near  the 
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ba»e  of  the  mountain  front  nearly  all  of  the  ravines  broaden  and  their 
floors  become  distinctij  convex,  thus  imitating  the  form  well  known  in 
alluvial  fans,  though  rarely  matched  in  an  eroded  surface  of  solid  rock. 
These  convex  floors  will  be  called  rock  fans. 

Although  the  existence  of  rock  fans,  as  appropriate  elements  of  re- 
treating escarpments,  especially  in  arid  regions,  might  have  been  deduct- 
ively inferred,  no  observations  of  such  forms  were  announced,  so  far  as 
I  have  learned,  until  the  appearance  of  McGee's  essay,  ''Sheetflood 
Erosion,"*  in  which  rock  fans  are  described  as  occurring  at  the  base  of 
Coyote  mountain,  in  the  arid  Sonoran  r^on  of  Mexico.  Several  low 
fans  there  '^  have  the  form  of  alluvial  accumulations,  but  actually  con- 
sist of  sharply  carved  mountain  rocks,  veneered  thinly  with  granitic 
loam  and  gravel  littered  with  great  boulders  "  (pi^e  112).  The  context 
shows  that  the  fans,  like  the  mountains  above  them  and  the  plains 
below  them,  have  been  carved  out  of  a  once  much  larger  rock  mass; 
and  hence  it  must  be  concluded  that  the  fan  form  has  been  preserved 
during  its  retrogression  from  an  earlier  position,  and  that  it  will  be 
preserved  during  continued  retrogression  in  the  future  if  no  disturbance 
interferes. 

The  rock  fans  of  the  Lepini  front  seem  to  possess  essentially  the  same 
characteristics  as  those  of  the  Sonoran  region.  The  rectilinear  elements 
of  a'  fan  all  diverge  from  the  point  where  the  floor  of  the  ravine  widens 
and  changes  from  concave  to  convex  form,  and  all  the  elements  seem 
to  possess  the  same  declivity.  Veneers  of  gravel  are  strewn  more  or  less 
plentifully  over  the  fan  surface,  but  ledges  of  bare  rock  are  seen  not  in- 
frequently. The  following  explanation  is  offered  to  account  for  these 
curious  forms. 

It  may  be  supposed  that  for  a  time  during  and  after  the  general  uplifl 
of  the  mountain  mass  the  scoring  of  ravines  in  its  northeast  front  su])- 
plied  material  for  the  formation  of  advancing  or  aggrading  alluvial  fans 
on  the  piedmont  surface  similar  to  the  aggrading  fans  that  are  often  seen 
today  in  the  once  ice-filled  valleys  of  the  Alps.  But  there  must  have 
come  a  time  when  the  incision  of  the  ravines  reached  such  a  depth  that 
the  advance  or  aggradation  of  the  fans  ceased.  This  would  have  been 
when  a  graded  slope  was  established  on  the  rock  floor  of  the  ravines  in 
such  a  position  and  at  such  an  angle  that  the  prolongation  of  its  line  of 
descent  was  tangent  to  the  surface  of  the  fan  ;  then  any  further  degrada- 
tion of  the  ravine  must  cause  a  degradation  of  the  fan ;  at  first  near  its 
apex,  but  later  over  a  greater  part  of  its  surface.  The  advance  of  the 
fan  is  thus  slowly  reversed  into  a  retreat.     It  is  difficult  at  first  to  cou- 

*  Bull.  Geol.  Soc.  Amer.,  vol.  8, 1897,  pp.  87-112. 
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ceive  of  the  preservation  of  a  convex  form  by  a  retreating  alluvial  fan  ; 
one  involuntarily  imagines  that  its  surface  must  be  trenched  along  one 
or  another  of  its  radiating  elements  ;  but  the  difficulty  of  the  problem 
is  lessened  when  it  is  remembered  that  the  retreat  of  the  fan  must  be 
slow,  since  it  can  only  follow  the  degradation  of  the  graded  rock  floor 
in  the  lower  part  of  the  ravines.  Such  degradation  cannot  progress  at 
a  rate  at  all  comparable  with  that  of  the  incision  of  a  rock- walled  gorge 
by  a  powerful  stream,  for  the  agencies  of  transportation  in  the  ravine 
are  always  taxed  almost  to  the  full  measure  of  their  capacity  by  the 
receipt  of  creeping  and  washing  waste  from  the  upper  walls  and  the 
tributary  slopes.  Moreover,  the  transportation  of  the  coarser  gravels  is 
chiefly  the  work  of  intermittent  wet-weather  streams,  which  work  im- 
petuously when  flooded,  and  then  cease  working  altogether  for  consid- 
erable intervals.  Such  streams  actively  erode  the  upper  ungraded  floor 
of  the  ravines;  they  very  slowly  rasp  down  the  graded  floor  of  the  ra- 
vines, and  they  distribute  the  waste  to  the  right  and  left  on  the  convex 
surface  of  their  fans,  clogging  channels  and  filling  slight  depressions, 
as  they  now  follow  one  radius,  now  another.  At  the  same  time,  the 
fan  surface  weathers  and  wastes  where  not  renewed  by  gravel  veneer, 
and  the  fine  soil  thus  produced  is  removed  by  unconcentrated  rain- 
wash. 

Thus  always  wasting,  here  or  there,  the  surface  is  nevertheless  always 
maintained  in  fan-like  form,  because  any  undue  depression  will  be  filled 
with  gravel  at  the  next  visit  of  the  wandering  stream.  Regularly  con- 
tinued retrogression,  aided  by  the  lateral  swinging  of  the  graded  streams 
in  the  lower  part  of  the  ravine,  should  tend  to  carry  the  head  of  the  fan 
back  into  the  solid  rock  mass;  and  it  seems  as  if  this  condition  had 
been  actually  brought  about  in  the  I^epini  mountains.  The  side  slopes 
of  the  ravines  are  undercut  near  their  mouths  by  the  swinging  streams, 
and  thus  the  rock  floor  of  the  ravine  is  widened.  The  wider  it  becomes, 
the  more  manifest  must  be  the  convexity  of  its  surface,  especially  if  the 
floor  be  steep,  for  all  the  lines  of  descent  must  have  equal  declivity 
from  the  point  where  the  widening  begins.  A  considerable  fraction 
of  a  fan  may  thus  come  to  be  carved  in  solid  rock,  and  eventually 
the  whole  of  it  may  be  thus  placed,  as  in  the  examples  described  by 
McGee. 

At  the  base  of  the  Lepini  front  perhaps  a  fifth  or  a  sixth  of  the  distance 
from  the  apex  of  a  fan  to  the  lower  margin  of  the  piedmont  slope  lies  on 
firm  limestone  ;  the  remainder  of  the  fan  should  be  sought  for  in  a  con- 
tinuously descending  slope  on  the  other  side  of  the  Tertiary  fault  line 
by  which  the  mountain  mass  is  bordered;  and  it  may  be  added  that 
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just  such  a  continuity  of  descent  is  beautifully  developer!  at  the  base  of 
the  Apennines  where  they  descend  to  the  Roman  Campagna^  as  seen 
northeastward  from  the  train  while  climbing  the  flank  of  the  old  Alban 
volcanic  group. 

The  Piedmont  Slope 

The  Eocene  strata  recognized  by  Viola  in  the  piedmont  slope  are  for 
the  most  part  sheeted  over  by  limestofye  waste,  especially  near,  the  base 
of  the  mountain  front;  but  the  general  form  of  the  slope  is  not  express- 
ive of  well  established  grades.  Although  a  great  amount  of  limestone 
waste  must  have  been  washed  down  across  the  piedmont  slope,  the  expec- 
tation suggested  above  of  seeing  there  a  forward  extension  of  the  grade 
exhibited  in  the  ravine  floors  and  in  the  fans  at  the  ravine  mouths  is 
certainly  disappointed. 

Drainage  lines  are  continued  forward  from  the  mountain  base,  but 
tlVe  interdtream  surface  of  the  piedmont  slope  frequently  has  a  jumbled 
appearance,  the  adjacent  parts  not  possessing  that  well  organized  rela- 
tion to  their  drainage  lines  and  to  each  other  which  always  characterizes 
an  eroded  surface  that  has  been  everywhere  reduced  to  a  graded  form 
under  normal,  undisturbed  conditions.  There  is  no  well  defined  contin- 
uation of  the  fan-like  forms  that  are  so  well  seen  in  the  widened  floors 
of  the  rock-carved  ravines.  The  irregularity  in  the  distribution  of  lime- 
stone gravel  on  the  Eocene  strata  may  be  associated  with  the  irr^ularity 
of  piedmont  form.  Instead  of  being  an  evenly  spread  sheet  of  waste 
veneering  the  clays  and  forming  laterally  confluent  fans — the  forward 
extension  of  the  rock  fans  of  the  ravines — the  gravels  are  jiresent  here 
and  absent  there  in  rather  arbitrary  fashion. 

Near  thQ  spring  known  as  Fontana  Varico,  just  beneath  the  rock  fan 
of  the  third  ravine  north  of  Morolo,  the  upper  part  of  the  piedmont 
slope  is  broken  by  a  little  scarp,  partly  of  gravel.  Farther  forward,  near 
the  lower  border  of  the  piedmont  slope  where  it  is  about  to  descend  be- 
neath the  alluvial  plain  of  the  Sacco,  the  irregularity  of  its  surface  takes 
the  form  of  uneven  mounds.  The  floodplain,  elsewhere  perfectly  level, 
is  here  locally  arched  in  the  form  of  a  flat  dome  4  or  5  meters  high 
and  from  70  to  100  meters  in  diameter.  This  interesting  point  may 
be  reached  by  a  foot  path  across  the  fields,  directly  opposite  Morolo 
station,  the  most  direct  approach  to  the  mountain  front.  The  Sacco  is 
here  crossed  by  a  little  foot  bridge.  All  these  local  peculiarities  of  pied- 
mont form  suggest  that  some  recent  disturbance  has  replaced  the  orderly 
piedmont  slopes  that  should  normally  be  associated  with  the  carved 
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and  graded  front  of  the  mountains  by  the  less  orderly  forms  that  char- 
acterize the  pieilmont  slope  today. 

The  Paclt  Scarp 

The  well  carved  mountain  front  and  the  uneven  piedmont  slope  are 
separated  hy  a  line  of  low  cliffs,  here  interpreted  as  a  fault  scarp.  The 
location  of  the  clifis  on  or  close  to  the  line  of  strong  faulting,  shown  by 
Viola  to  separate  the  Cretaceous  mountain  mass  from  the  Eocene  pied- 
mont slope,  is  very  suggestive  of  dislocation  ;  and  the  freshness  of  the 
cliffs  shows  their  origin  to  have  been  recent,  much  more  recent  than  the 
great  dislocation  in  consequence  of  which  the  mountain  front  was  ex- 
posed to  the  forces  of  denudation  and  elaborately  carved  into  buttresses 
and  ravines.  The  cliffs  are  not  perfectly  continuous  or  of  uniform  height ; 
they  weaken  in  some  places  to  ledges  of  only  10  or  15  meters;  they  rise 
in  crossing  some  of  the  rock  fans  to  bold  walls  30  or  40  meters  high. 
Their  line  of  extension  is  comparatively  straight  between  Scurgola  and 
Morolo,  but  it  is  sometimes  locally  divided  into  several  branches,  each 
marked  by  low  scarps.  Where  the  cliffs  are  highest  nearly  all  the  recent 
dislocation  seems  to  have  been  accomplished  on  a  single  plane  of  move- 
ment In  a  few  places  shortly  south  of  Scurgola  there  is  an  appearance 
of  fault  scarps  on  the  mountain  front  60  or  100  meters  above  its  base, 
the  distinction  between  these  supposed  fault  fEices  and  the  normal  out- 
crops of  ungraded  ledges  being  that  while  the  latter  follow  the  stratifica- 
tion, contouring  forward  around  the  buttresses  and  returning  into  the 
ravines,  as  already  stated,  the  former  follow  a  nearly  vertical  plane,  and 
therefore  rise  and  fall  in  passing  the  salient  front  of  a  buttress.  All 
these  minor  features  are,  however,  but  natural  complications  of  the  main 
»carp,  by  which  the  graded  slopes  of  the  mountain  front  are  broken  at 
their  base  into  a  precipitous  descent  to  the  piedmont  slope.  When  seen 
in  profile  (plate  18,  figures  1  and  2),  the  discontinuity  of  the  slopes  is  often 
very  marked  ;  it  is  much  stronger  than  the  steps  caused  by  any  outcrop- 
ping, ungraded  ledges  in  the  lower  or  middle  part  of  the  mountain  front, 
and  is  possibly  equaled  only  in  the  stronger  cliffs  of  the  mountain  tops. 
Most  striking  is  the  prevailing  increase  in  the  height  of  the  scarps  as 
they  pass  in  front  of  the  ravines,  where  the  arched  cliff  tops  display  to 
a  nicety  the  convex  form  of  the  rock  fans.  The  cliff  beneath  the  third 
ravine  northwest  of  Morolo  is  the  finest  example  of  this  kind;  it  is 
pictured  from  the  front  and  side  in  plate  19,  figures  1  and  2.  The  scarp 
))ersistently  increases  in  strength  while  passing  the  ravines.  It  may  be 
concluded  from  the  varying  height  of  the  cliffs  and  the  irregular  forms  of 
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the  piedmont  slope  that  the  recent  faulting,  or  at  least  the  inequality  of 
its  movement,  is  to  be  explained  by  an  irregular  depression  of  the  pied- 
mont Eocene  mass  rather  than  by  an  uneven  elevation  of  the  Cretaceous 
mountain  block.  No  sufficient  explanation  has  occurred  to  me  for  the 
systematic  irregularity  of  dislocation,  whereby  its  greatest  measures  lie 
on  the  lines  of  the  ravines. 

The  suggestion  that  the  line  of  basal  cliffs  is  due  to  the  outcrop  of  par- 
ticularly resistant  members  of  the  Cretaceous  limestones  deserves  special 
consideration,  for  cliffs  of  such  origin  are  much  more  common  than  fault 
cliffs.  Outcrop  cliffs  are  well  known  in  many  dissected  plateaus,  such  as 
the  Allegheny  plateau  of  West  Virginia,  where  the  hillsides  are  in  general 
reduced  to  a  tolerably  constant  angle  of  slope,*  yet  where  the  slope  is 
frequently  broken  by  cliffs  that  mark  the  outcrop  of  resistant  sandstone 
layers.  Such  cliffs  always  retreat  from  the  front  of  the  spurs  or  buttresses 
into  the  ravines;  it  is  the  constancy  of  this  familiar  relation  that  estab- 
lishes the  general  principle  that  erosion  is  more  rapid  on  the  trough  line 
of  a  concave  ravine  than  on  the  slope  line  of  a  convex  spur.  But  the 
basal  slope  of  the  Lepini  are  abnormal  in  being  least  graded  in  front  of 
the  ravines  and  most  graded  at  the  base  of  the  spurs.  Furthermore,  if 
the  cliffs  were  the  result  of  normal  denudation,  the  ravines  should  con- 
tract to  narrow  gorges  in  passing  through  the  controlling  hard  strata 
instead  of  opening  to  convex  fan  surfaces.  But  all  consideration  of  ex* 
cessive  hardness  in  the  basal  strata  is  here  irrelevant,  for  the  limestones 
are  of  essentially  the  same  quality  for  hundreds  of  meters  upward  from 
the  mountain  base.  The  lowest  exposed  layers  have  no  such  excessive 
strength  as  to  have  resisted  erosion  through  the  long  period  during 
which  the  ravines  and  slopes  above  them  were  so  well  graded.  The 
sudden  break  at  the  base  of  the  ravines  in  particular  admits  of  no  ex- 
planation save  by  a  recent  dislocation,  presumably  located  on  or  near 
the  ancient  line  of  fracture  by  which  the  mountain  mass  was  originally 
delimited. 

Some  of  the  rock  fans  are  newly  and  narrowly  trenched  by  the  streams 
that  formerly  ran  contentedly  forward  upon  their  sloping  surface.  As 
far  as  observed  the  trenches  are  sharp-cut  gorges,  not  yet  graded  on  their 
floors,  and  enclosed  by  steep  and  bare  rock-  walls.  The  depth  of  the 
gorges  decreases  rapidly  upstream,  as  in  the  fourth  and  fifth  ravines 
northwest  of  Morolo,  and  their  heads  are  not  yet,  as  far  as  I  examined 
them,  cut  back  to  the  apex  of  the  rock  fans.  The  fine  fan  shown  in 
plate  19  is  practically  untrenched,  probably  because  of  the  underground 

*8ee  the  plates  in  Campbell  and  Mendenhairs  paper,  Seventeenth  Annual  Report  (pt.  U),  U.S 
Geological  Survey. 
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passage  of  water  from  tlie  upper  ravine,  to  emerge  in  Fontana  Varico, 
near  the  base  of  the  scarp. 

The  village  of  Morolo  is  situated  on  a  sloping  limestone  platform  that 
seems  to  be  the  result  of  the  confluence  of  two  rock  fans  just  beneath  a 
narrow  buttress  that  separates  their  upper  portions.  An  old  castle 
sLinds  on  the  front  ledges  of  this  buttress.  The  fault  scarp  seems  to 
pass  just  east  of  the  village,  but  it  is  not  so  strong  here  as  farther  north- 
west, and  it  is  somewhat  concealed  by  the  large  trees  of  old  olive 
orchards.  Southeast' of  the  village,  across  the*  ravine  by  which  the 
highway  winds  up  in  a  roundabout  course  from  the  floodplain  of  the 
Sacco,  the  next  succeeding  spurs  of  the  mountain  front  descend  to 
the  piedmont  slope  in  long,  unbroken  catenary  curves,  thus  proving 
that  the  recent  dislocation  ceases  near  Morolo.  Near  the  other  end 
of  the  fault  scarp,  Scurgola  is  built  on  a  limestone  promontory  that 
advances  in  front  of  the  cliff  line  and  rises  in  picturesque  form  over  the 
piedmont  slope,  thus  implying  that  the  boundary  between  the  older  and 
younger  formations  is  here  not  so  closely  coincident  with  the  line  sep- 
arating the  mountain  front  and  piedmont  slope  as  it  is  on  the  stretch 
between  the  two  villages ;  but  this  matter  needs  much  more  study  than 
I  was  able  to  give  it.  Just  back  of  Scurgola  the  line  of  dislocation  is 
indicated  by  a  depression  across  a  limestone  spur,  a  form  that  is  singu- 
larly inappropriate,  as  the  product  of  normal  degradation  is  a  mass  of 
nearly  horizontal  strata,  but  perfectly  appropriate  to  degradation  along 
the  path  of  a  fracture.  The  mountain  front  further  to  the  northwest 
was  hidden  by  this  spur,  so  that  I  am  unable  to  say  anything  of  the 
extension  of  the  scarp  in  that  direction,  except  that,  as  looked  for  from 
the  railway,  the  scarp,  if  occurring  there  at  all,  was  certainly  less  con- 
spicuous than  between  Scurgola  and  Morolo. 

Fresh  fault  scarps  along  the  base  of  mountain  ranges  are  so  rare  among 
topographic  forms  that  fuller  study  of  this  small  example  is  to  be  de- 
sired. At  the  time  of  my  two  visits  trains  leaving  Rome  and  returning 
were  so  arranged  as  to  give  only  about  six  hours  on  the  ground,  and  this 
did  not  suffice  for  more  than  a  hurried  walk  along  the  scarp  and  a  climb 
to  some  of  the  rock  fans. 

The  villages  are  primitive,  picturesque  in  the  distance,  very  unat- 
tractive on  closer  inspection,  and  without  accommodations  for  travelers. 
The  villagers  were  as  amiable  in  replying  to  my  questions  as  they  were 
inquisitive  over  the  unusual  sight  of  a  stranger.  Visitors  who  do  not 
find  the  very  simplest  diet  sufficient  should  carry  lunch  with  them. 
The  narrow  road  between  the  villages  along  the  upper  part  of  the  pied- 
mont slope  is  impassable  to  wheeled  vehicles,  its  surface  being  often 

XXXI— Bull.  Gkol.  Soc.  Am..  Vol.  11,  1899 
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cluttered  with  loose  blocks  of  limestone,  worn  smooth  and  slippery  by 
long  use.  The  highways  from  the  railway  stations  to  the  villages  are 
well  constructed,  but  the  one  between  Morolo  station  and  the  village 
makes  a  circuitous  detour  to  the  south.  The  path  almost  directly  oppo- 
site Morolo  station  (a  little,  south),  crossing  the  Sacco  by  a  foot  bridge 
and  leading  over  the  alluvial  fields  to  the  uneven  forms  at  the  base  of 
the  piedmont  slope  and  thence  up  to  the  largest  of  the  broken  rock  fans 
over  Fontana  Varico,  is  the  best  route  for  a  single  excursion  to  this 
interesting  locality.      • 
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Introduction. 


Camasland  is  the  local  name  of  a  high  valley  in  central  Washington. 
Its  peculiar  features  haVe  rendered  this  valley  well  known  to  all  the 
people  of  the  region,  and  as  a  somewhat  tinique  topographic  form  it 
deserves  description. 

Camasland  is  situated  on  the  eastern  slope  of  the  Cascade  mountains, 
in  the  northeastern  part  of  Kittitas  county,  and  is  included  within  the 
boundaries  ot  the  Mount  Stuart  quadrangle,  which  has  been  surveyed 
both  topographically  and  geologically  by  the  United  States  Geological 
Survey.  Professor  I.  C.  Russell  visited  Camasland  in  the  summer  of 
1897,  in  the  course  of  a  reconnaissance  of  the  Mount  Stuart  area,  and 
called  the  attention  of  the  authors  to  this  topographic  feature  when  they 
entered  upon  the  detailed  survey  of  the  quadrangle  the  following  year. 

The  relief  model,  a  photograph  of  which  illustrates  this  paper,  plate  20, 
was  made  by  Mr  Curtis,  and  is  based  on  the  topographical  map.  Details 
were  supplied  from  observations,  photographs,  and  sketches  made  in  the 
field.  The  scale  of  the  model  is  1 :  11787,  or  about  5i  inches  to  the  mile, 
sufficient  to  permit  all  the  suggestive  features  to  be  shown  without  ver- 

*PabU0hed  by  permission  of  the  Director  of  the  United  States  Geological  Surrey. 
XXXII-ButL.  Gkol.  See.  Am..  Vol.  11,  1809  (217) 
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tical  exaggeration.    Even  the  houses,  and  the  roads  which  wind  up  to 
this  high  valley,  have  been  indicated  on  the  model. 

Topography 

In  its  general  form  Camasland  might  be  compared  to  a  platter,  bottom 
side  up,  since  it  is  a  flat  elliptical  plain,  lying  within  a  comparatively 
low  rim,  but  high  above  the  surrounding  country.  The  level  floor  of 
the  basin,  as  can  be  seen  in  plate  20,  is  irregular  in  outline,  and  about 
two  miles  long  by  one-half  mile  wide.  The  rim  inclosing  this  plain  rises 
at  one  point  600  feet  above  the  valley  floor,  but  averages  about  350  feet. 
It  stands,  however,  from  1,000  to  2,000  feet  above  the  surrounding  valleys. 
A  bold  cliff  extends  with  few  breaks  along  the  outer  margin  of  this  rim, 
with  steep  talus  slopes  from  the  base  of  the  escarpment  to  the  streams  in 
the  canyons  below. 

The  surrounding  region  is  one  of  mature  dissection,  the  valleys  being 
deep  and  the  ridges  cut  to  knife-edge  divides,  thus  leaving  no  trace  of 
preexisting  topography.  The  contrast,  then,  is  marked  between  this 
level  valley  of  Camasland,  with  the  gentle  rise  to  the  inclosing  rim,  and 
the  rugged  country  lying  outside  that  rim.  Thus  Camasland  is  truly  an 
oasis  among  the  rugged  barren  mountains. 

The  valley  floor,  which  presents  an  appearance  of  being  perfectly  level, 
is,  however,  over  100  feet  higher  at  the  southern  end  than  at  the  outlet, 
this  being  a  grade  comparable  with  that  of  the  floodplains  of  the  larger 
streams  in  the  region.  The  outlet  of  Camasland  is  through  a  narrow  cut 
in  the  rim  on  the  northwest  side.  Within  this  barrier,  as  may  be  seen 
in  the  illustration  of  the  model,  only  a  tiny  stream  is  visible,  there  being 
at  present  a  mere  succession  of  shallow  holes,  or  at  best  a  small  brook 
struggling  to  reach  the  outlet.  Beyond  the  rim  Camas  creek  continues 
down  to  Peshastin  creek,  its  waters  being  materially  augmented  by  a 
tributary  stream  from  the  southwest.  This  tributary  discharges  a  con- 
siderably greater  volume  of  water,  but  the  difierence  in  the  valleys  of 
the  trunk  stream  and  of  the  tributary  is  both  striking  and  suggestive. 
The  valley  of  the  former  is  wider  and  its  slopes  are  gentle,  and  pot-holes 
are  common  along  the  stream  channel,  while  the  tributary  flows  in  a 
rugged,  narrow,  canyon-like  valley. 

Geology 

formations 

Nanics  and  relatiom, — Three  formations  occur  within  the  Camasland 
area — ^sandstone,  diabase,  and  alluvium.    These  are  represented  in  the 
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accompanying  illustration.  The  sandstone  is  the  country  rock,  and  the 
diabase  forms  the  rim  of  the  basin  within  which  the  alluvium  is  shown. 

Sandstone. — The  sandstone  is  an  important  formation  in  this  region, 
extending  to  the  north  and  east  into  the  valley  of  the  Wenache  river 
and  westward  to  the  crest  of  the  Cascade  mountains.  It  has  been  given 
the  name  of  the  Swauk  sandstone  from  its  occurrence  in  the  Swauk 
mining  district,  southwest  of  Camasland.  Its  age  is  Eocene,  as  deter- 
mined from  abundant  fossil  plants  found  in  the  valley  of  the  Swauk 
and  on  Tiptop,  the  peak  in  the  southwestern  corner  of  the  area  here 
considered. 

The  Swauk  sandstone  in  the  vicinity  of  Tiptop  is  a  gray  arkose,  with 
associated  shaly  beds  which  are  leaf-bearing.  At  Camasland  and  ex- 
tending eastward  the  sandstone  is  white  and  consists  of  clean  quartzose 
material.  It  is  massive  and  not  plainly  bedded,  except  where  a  few 
thin  beds  or  lenses  of  quartz  pebbles  occur.  Where  the  topography  is 
not  bold,  as  within  the  rim  of  Camasland,  the  sandstone  is  rarely  well 
exposed,  but  a  mantle  of  quartz  sand  covers  the  surface,  and  only  occa- 
sionally are  smooth  bosses  of  the  massive  sandstone  seen. 

Diabase. — ^The  igneous  rock  of  Camasland  is  a  diabase,  light  gray  to 
brownish  gray  in  color  and  of  varying  texture.  Its  constituent  minerals 
are  labradorite,  augite,  olivine,  and  magnetite,  while  its  chemical  com- 
position is  close  to  the  average  for  members  of  the  gabbro-diabase-basalt 
family.  For  the  most  part  this  rock  has  the  ophitic  or  diabasic  texture, 
but  variations  from  this  type  occur.  Thus  on  the  one  side  the  rock 
becomes  more  or  less  granolitic  in  texture,  and  on  the  other  it  often 
«approaches  the  basaltic  texture,  becoming  finer  grained  and  at  times 
even  glassy.  These  textural  changes  are  quite  definitely  connected 
with  the  thickness  of  the  intrusive  sheet  of  diabase.  The  diabase  com- 
monly weathers  into  large,  rounded  blocks,  which  constitute  a  notice- 
able detail  of  the  topography. 

Alluvium. — The  third  formation  is  the  alluvium  which  forms  the  sur- 
fiice  of  Camasland  itself.  This  is  a  rich  loam  at  the  surface  and  contains 
a  considerable  amount  of  organic  matter.  The  few  exposures  of  the 
Hubsoil  reveal  a  fine  silt  with  few  pebbles.  This  alluvium  covers  an 
area  of  about  one  and  a  hatf  square  miles,  and  its  fertility  is  such  as  to 
attract  several  ranchers,  who  live  in  Camasland  during  the  summer 
months. 

STRUCTURE 

The  sandstone  in  the  vicinity  of  Camasland  has  participated  in  the 
general  folding  of  the  region.  In  the  southwestern  portion  of  the  area 
here  considered  the  beds  are  steeply  inclined,  and  on  Tiptop  are  even 
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vertical.  Camasland  itself  is  in  the  trough  of  a  gentle  syncline,  the  axis 
of  which  has  a  northwest-southeast  trend.  Ol^servations  of  dip  in  the 
massive  sandstone  are  not  easily  made,  but  are  sufficiently  numerous 
to  clearly  indicate  this  synclinal  structure. 

The  structure  of  Camasland  is,  however,  more  clearly  shown  by  the 
outcrop  of  the  sheet  of  diabase,  which  has  been  folded  with  the  sand- 
stone. The  intrusive  nature  of  this  sheet  was  conclusively  determined 
from  a  study  of  its  upper  and  lower  contacts  with  the  sandstone.  Wher- 
ever the  dip  of  the  sandstone  could  be  observed  the  sheet  of  diabase 
was  seen  to  be  conformable,  except  at  one  point  on  the  northeast  side, 
where  the  diabase  breaks  across  the  sandstone  and  connects  with  a 
smaller  sheet  at  a  lower  horizon.  The  latter  sheet  is  not  of  great  extent 
and  might  be  better  described  as  a  tongue  which  soon  thins  out. 

The  synclinal  basin  is  spoon-shaped,  the  point  being  on  the  north- 
western side.  Here  the  dips  are  very  gentle  and  the  diabase  sheet  is 
thick.  At  the  southwestern  end  of  the  basin  the  sheet  had  apparently 
less  thickness.  Exact  measurements  of  the  intrusive  sheet  are  difficult 
to  make,  but  approximately  the  diabase  may  be  said  to  vary  from  a  few 
feet,  as  in  the  lower  sheet  or  tongue,  to  over  500  feet  on  the  northwestern 
side  of  Camasland. 

The  exposures  of  sandstone  within  the  basin  defined  by  the  rim  of 
diabase  are  not  numerous,  but  fortunately  they  are  sufficient  to  clearly 
indicate  the  conformity  of  the  beds  above  the  intrusive  sheet  with  those 
below.  There  is  little  or  no  metamorphism  of  the  sandstone  at  the  con- 
tact with  the  diabase,  a  feature  doubtless  due  in  part  to  the  pure  quartzose 
character  of  the  sandstone.  At  a  few  points,  however,  apophyses  of  the 
intrusive  rock  extend  for  a  short  distance  into  the  adjoining  sandstone. 
Only  one  large  dike,  however,  occurs  in  the  vicinity  of  Camasland,  and 
the  connection  of  this  with  the  sheet  could  not  be  traced.  This  absence 
of  dikes  is  somewhat  remarkable,  since  a  few  miles  distant  the  Swauk 
sandstone  is  cut  by  hundreds  of  diabase  and  basaltic  dikes. 

Origin  of  Camasland 

The  topographical  and  geological  observations  recorded  above  suggest 
an  explanation  of  this  exceptional  feature  in  a  region  of  mature  dissec- 
tion. Camasland,  standing  high  above  the  surrounding  canyons,  is  in 
reality  a  remnant  of  a  former  topography,  and  the  alluvium-floored 
basin  owes  both  its  origin  and  its  preservation  to  the  occurrence  of  the 
intrusive  sheet  of  diabase. 

It  would  be  difficult  to  restore  the  older  topography  from  this  small 
portion  that  remains.    The  topography  of  this  part  of  the  northern  Gas- 
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cades  region  has  attained  such  maturity  that  as  yet  too  few  traces  of 
earlier  topographic  features  have  been  detected  upon  which  to  base  even 
conjectures  as  to  the  extent  to  which  erosion  was  carried  in  preceding 
cycles.  A  few  deductions  from  the  observed  features  of  Camasland  may, 
however,  be  made  and  its  history  at  least  partially  traced. 

The  width  of  the  lower  valley  of  Camas  creek  has  already  been  men- 
tioned as  seemingly  out  of  all  proportion  with  the  present  small  stream 
occupying  it.  This  with  the  width  of  Camasland  itself  warrants  the 
inference  that  it  is  a  valley  remnant.  The  determining  factor  in  the 
history  of  this  old  valley  is  the  diabase  sheet,  the  present  extent  of 
which  is  shown  in  accompanying  plate  20.  Its  original  extent  can  not 
be  determined,  except  that  the  intrusive  sheet  is  not  found  elsewhere  in 
this  area  of  folded  sandstone. 

It  may  be  supposed  that  the  earlier  Camas  creek,  flowing  from  the 
south,  many  miles  beyond  Camasland,  along  the  general  strike  of  the 
sandstone,  cut  down  until  it  suddenly  found  itself  superimposed  on  this 
much  harder  rock.  Thus  at  two  points  in  its  course  a  barrier  was  en- 
countered, which  became  more  and  more  formidable  as  the  cutting  pro- 
ceeded. Two  local  baselevels  were  formed,  the  one  on  the  upper  course 
of  the  stream  and  the  other  above  the  present  outlet  of  Camasland,  the 
latter  the  more  important  and  in  reality  controlling  the  whole  upper 
portion  of  the  stream.  This  interruption  in  the  work  of  general  degrada- 
tion by  the  upper  portion  of  Camas  creek  gave  the  neighboring  tributa- 
ries of  Mission  creek  a  decided  advantage.  The  latter  stream  having 
less  to  obstruct  its  course  down  to  the  Wenache  river,  capture  by  the 
Mission  drainage  was  inevitable,  as  its  branches  cut  their  way  back  to 
the  relatively  high  valley  of  Camas  creek.  The  elbow  of  capture  is  sit- 
uated about  two  miles  south  of  Camasland,  where  the  stream  from  the 
south  makes  an  abrupt  turn  to  the  east  in  a  can3'on  800  feet  deep.  A 
portion  of  Camas  creek  below  this  point  of  capture  was  obliged  to  grad- 
ually reverse  its  direction  of  flow  until  as  an  obsequent  stream  it  has 
worked  back,  capturing  another  important  tributary  of  Camas  creek. 
Now  steep  clifls  bound  th^  Camasland  plateau  on  the  south,  and  the 
divide  is  established  on  the  diabase  rim. 

Before  this  diversion  of  the  headwaters  of  Camas  creek  had  been  effected 
the  waters  flowing  across  the  upper  diabase  barrier  had  formed  an  ex- 
tensive floodplain  at  a  level  established  by  the  lower  barrier,  and  this  is 
the  alluvial  plain  preserved  today.  This  period  in  the  history  of  Camas- 
land was  of  considerable  duration,  as  is  shown  by  the  depth  and  width 
of  the  gap  cut  in  the  hard  diabase  at  the  upper  end  of  Camasland,  where 
the  alluvium  extends  to  the  very  brink  of  the  cliff.  It  is  noticeable  that 
already  the  obsequent  drainage  has  begun  to  cut  into  the  diabase  sheet. 
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and  capture  of  the  Camasland  drainage  will  doubtless  continue,  since  the 
greater  thickness  of  the  diabase  sheet  at  the  northern  end  where  it  is 
crossed  by  Camas  creek  gives  the  pirate  stream  a  decided  advantage. 
As  Camasland  is  underlain  by  the  sheet  of  resistant  rock,  it  is  a  rela- 
tively permanent  land-form  in  consequence  of  the  geologic  structure, 
and  after  the  thin  alluvial  filling  is  more  or  less  swept  away  through  a 
lower  outlet  to  the  south,  it  seems  probable  that  Camasland  will  still 
remain  as  a  mesa — high  above  the  surrounding  country. 

By  reason  of  its  geologic  structure,  then,  Camasland  presents  a  fine 
example  of  a  valley  remnant.  So  perfect  is  the  preservation  that  even 
so  delicate  a  feature  as  the  floodplain  of  fine  alluvium  has  resisted  erosion. 
Such  an  exceptional  and  at  the  same  time  complete  interruption  of  stream 
processes  causes  Camasland  to  afford  a  strong  contrast  to  the  mature 
topography  of  the  surrounding  region,  where  stream  work  has  pro- 
gressed further.  The  model  figured  in  plate  20  thus  illustrates  two 
stages  in  drainage  history,  and  presents  an  example  of  past  as  well  as 
of  present  work  by  streams. 
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Introduction 


The  area  to  be  discussed  in  this  paper  is  in  the  immediate  vicinity  of 
Snoqualmie  pass  in  the  northern  Cascades.  Snoqualmie  pass  is  in  central 
Washington,  about  10  miles  north  of  where  the  Northern  Pacific  railroad 
crosses  the  range.  It  is  a  low  pass,  less  than  3,100  feet  above  sealevel, 
and  is  the  only  point  in  the  state  where  the  range  is  crossed  by  a  wagon 
road.  On  all  sides  of  the  pass,  however,  rugged  peaks  rise  to  elevations 
of  from  6,700  to  6,300  feet.  Although  the  geologist  finds  that  this  bold 
topography  prevents  rapid  progress,  while  the  luxuriant  vegetation  of  the 
western  slope  at  times  presents  almost  impassable  obstacles,  yet  the  rock 
exposures  in  the  higher  parts  of  the  range  are  such  as  to  furnish  conclu- 
sive evidence  as  to  their  character  and  relations. 

In  the  summer  of  1895  Snoqualmie  pass  was  visited  by  a  United  States 
Geological  Survey  party  under  Mr  Bailey  Willis,  with  the  senior  author 
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of  this  paper  as  his  assistant.  The  work  was  of  the  nature  of  a  rapid 
reconnaissance  along  the  northern  Cascades/yet  during  the  brief  stay  in 
the  pass  sufficient  was  seen  to  suggest  the  hypothesis  that  the  granitic 
rock  here  might  be  younger  than  the  black  slates,  which  contain  fossil 
plants.  During  the  season  of  1899  this  area  was  visited  by  the  authors 
in  connection  with  the  survey  of  the  Snoqualmie  quadrangle.  Detailed 
mapping  has  afforded  opportunity  for  the  observation  of  facts  which 
conclusively  prove  the  intrusive  character  of  the  granite.  This  determi- 
nation of  the  age  of  the  granitic  intrusion  is  of  value  and  interest  in  the 
bearing  it  has  on  the  history  of  the  northern  Cascades. 

General  Geology 
sedimentary  rocks 

The  sedimentary  series  exposed  in  Snoqualmie  pass  includes  slates, 
sandstone,  and  conglomerate.  The  slates  are  the  most  important  and 
cover  large  areas.  They  are  black  or  green,  in  the  former  case  being 
quite  carbonaceous.  Occasionally  the  slate  has  an  irregular  schistosity 
and  is  knotted  and  crumpled,  or  it  may  become  very  silicious  and  felsitic, 
so  as  to  closely  resemble  a  hornfels. 

The  sandstone  occurs  at  a  few  localities  bedded  with  the  green  slate 
and  is  in  part  a  white  sandstone,  only  fairly  well  cemented,  and  in  part 
a  very  quartzitic  sandstone.  A  thin  bed  or  lens  of  gray  limestone  also 
occurs  at  one  point  associated  with  the  slates. 

Beds  of  conglomerate  in  the  black  slate  are  quite  noticeable  along  the 
county  road  in  the  pass  itself.  It  is  of  striking  appearance,  quite  resem- 
bling a  volcanic  breccia.  The  angular  fragments,  however,  are  all  of  sedi- 
mentary rocks,  with  one  possible  exception.  Black  chert  is  abundantly 
rei)resented  among  these  pebbles. 

The  occurrence  of  fossil  plants  in  the  Snoqualmie  Pass  section  is  of 
great  importance  to  the  geologist,  although  the  matrix  of  these  fossils  is 
not  at  all  encouraging  to  the  collector.  The  black  slate  here  has  little 
cleavage  developed  and  often  breaks  with  a  conchoidal  fracture.  The 
material  collected  in  1895  by  Mr  Willis,  however,  afforded  sufficient  basis 
for  the  determination  of  the  series  as  Tertiary  and  probably  Miocene. 
Professor  F.  H.  Knowlton's  report  on  the  collection  was  as  follows: 

**I  recognize  four  species  of  fossil  plants,  as  follows: 

Platanus  dinecta  Lesq. 

A  cer  xquideTUaium  Lesq. 

Ftau  n.  sp.?  cf.  F.  artocarpoulen  Lesq. 

Oinnamomum  n.  sp. 


VOLCANIC  AND  PLUTONIC  ROCKS  225 

"  The  first  two  species  are  without  question  Miocene.  The  Ficus  approaches 
quite  clearly  to  F.  arlocarpoide$,  which  is  from  the  Fort  Union  group  (Eocene)  of 
Montana.  The  specimen  is  not  perfect,  and  can  not  therefore  be  positively  deter- 
mined. If  it  differs  at  all  from  the  Fort  Union  species  it  must  be  very  little.  Yet 
it  may  prove  to  be  new. 

"The  Cinnamomum  is  undoubtedly  new  and  a  fine  cluiracteristic  species.  It 
does  not  approach  any  described  species  very  closely,  yet  appears  to  be  of  a  Ter- 
tiary type.    .    .    . 

"The  two  species  that  can  be  determined  are  Miocene  and  the  other  two  are  of 
Tertiary,  probably  Miocene,  fiEu;ies.'' 

VOLCANIC  HOCKS 

Two  types  of  volcanic  rock  occur  within  the  area  here  discussed.  Of 
these  one  is  andesitic  and  the  other  rhyolitic,  and  both  have  beds  of 
pyroclastics  associated  with  the  lavas.  The  andesitic  rock  is  of  great 
areal  extent  to  the  south  and  east  of  the  pass.  The  work  of  the  past 
season  was  not  sufficient  to  fully  determine  the  relations  of  these  volcanic 
rocks,  but  it  seems  evident  that  they  are  younger  than  the  sedimentary 
series  just  considered.  Their  relation  to  the  great  basaltic  eruptions  of 
this  region  will  furnish  one  of  the  many  interesting  problems  in  the  study 
of  Cascade  geology. 

PLUTONIC  BOCKS 

It  may  seem  more  logical  to  discuss  this  class  of  rocks  before  the  vol- 
canic rocks,  but  in  this  case  the  order  adopted  will  be  seen  to  be  the 
natural  one.  The  plutonic  rock  is  for  the  most  part  of  a  granitic  char- 
acter. In  the  field  it  has  been  termed  a  granite,  and  the  name  is  here 
retained.  The  rock,  however,  is  rather  of  the  intermediate  type  so  im- 
portant in  the  Sierra  Nevada  region,  and  later  petrographic  study  may 
show  it  to  be  either  a  quartz  monzonite  or  a  quartz  diorite.  In  general 
appearance  it  is  quite  granitic.  Quartz  is  abundant;  both  plagioclase 
and  orthoclase  are  present,  the  latter  being,  however,  rather  less  impor- 
tant than  in  a  typical  granite,  while  hornblende  and  biotite  are  of  ap- 
proximately equal  importance.  In  the  central  portion  of  the  mass  this 
rock,  provisionally  termed  granite,  is  quite  homogeneous  in  texture  and 
of  medium  grain. 

More  basic  phases  of  the  plutonic  rock  occur,  and  these  are  rocks 
plainly  dioritic  in  composition.  An  excellent  exposure  on  a  glaciated 
rock  wall  showed  the  granitic  and  dioritic  phases  to  intermingle  in  the 
most  intricate  fashion.  The  contemporaneous  origin  of  the  two  was  con- 
clusively shown,  and  any  attempt  to  separate  them  would  be  as  futile 
as  it  is  unnatural. 

The  intrusive  nature  of  the  granitic  mass  is  shown  by  two  classes  of 
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evidence — the  areal  distribution  of  the  granite  and  the  contact  phe- 
nomena. 

Distribution  of  the  Granite 
arbal  extent 

The  granite  occurring  within  the  limits  of  the  Snoqualmie  quadrangle 
is  simply  the  southeastern  border  of  a  large  mass,  which  extends  for 
some  considerable  distance  both  to  the  west  and  to  the  north.  Its  ex- 
tent in  the  Snoqualmie  quadrangle  where  it  has  been  mapped  is  about 
10  miles  east  and  about  the  same  distance  south  of  the  northwestern 
corner.  This  mass  of  plutonic  rock  undoubtedly  covers  an  area  measur- 
ing not  less  than  100  square  miles  in  extent.  It  is  therefore  an  impor- 
tant element  in  the  architecture  of  the  Cascade  mountains. 

DIKES 

Within  the  area  studied  there  is  one  apophysis  from  the  granite  mass 
which  is  more  than  one  mile  in  length.  Another  dike  in  the  same  part 
of  the  area  is  less  regular  in  character.  While  only  a  few  hundred  yards 
in  width  for  a  mile  or  more,  it  swells  out  into  boss-like  masses  of  granite 
at  two  points,  these  masses  being  about  a  mile  in  diameter.  The  whole 
body  thus  roughly  resembles  in  outline  a  dumb-bell,  and  is  connected 
by  a  narrow  apophysis  to  the  main  mass.  A  third  dike  of  granitic  rock 
extends  up  into  the  overlying  andesitic  lava,  and  thus  clearly  shows  the 
relative  age  of  the  volcanic  rock  and  the  plutonic.  Smaller  dikes  occur 
both  along  the  contact  and  at  some  distance  within  the  areas  of  sedi- 
mentary or  of  volcanic  rock.  In  several  cases  the  connection  of  dikes 
of  this  latter  class  with  the  main  granite  mass  has  not  been  traced, 
though  such  connection  probably  exists. 

The  rock  of  these  dikes  is  a  granite  porphyry — fine  grained  for  the 
most  part  and  very  rich  in  quartz.  The  abundant  bipyramidal  quartz 
phenocrysts  with  the  almost  felsitic  groundmass  makes  this  porphyry  a 
noticeable  rock  in  the  field. 

Contact  Metamorphism 
bndomorphic  phenomena 

The  textural  variations  within  the  granite  mass  offer  strong  evidence 
of  its  intrusive  nature.  At  a  distance  of  2  miles  from  the  contact,  as  un 
Denny  mountain,  the  granite  is  of  medium  grain  and  shows  the  typical 
granitic  texture.   As  the  contact  is  approached,  however,  a  gradual  change 
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in  the  texture  of  the  rock  is  noticed.  As  a  whole  the  granite  becomes 
finer  grained,  while  the  quartz  becomes  a  more  conspicuous  constituent. 
The  variations  are  gradual,  until  at  or  near  the  contact  the  rock  is  a 
granite  porphyry,  with  blebs  and  phenocrysts  of  quartz,  both  abundant 
and  prominent. 

The  rock  of  the  dikes  and  apophyses  from  the  main  mass  is  a  granite 
porphyry,  as  has  been  stated  above.  Indeed,  the  porphyry  so  closely 
approaches  the  rhyolitic  type  that  in  certain  occurrences  the  dike  rock 
is  with  diflBculty  distinguished  from  the  eflfusive  rock  which  occurs  at 
other  points  associated  with  pyroclastics. 

METAMORPHISM  OF  THE  SEDIMENTARY  ROCKS 

Eocene  and  Miocene  strata  occurring  in  adjacent  areas  in  the  Cascade 
region  show  few  traces  of  metamorphism.  The  sandstones  may  be  loose 
and  friable,  or  with  the  associated  conglomerates  and  shales  they  may 
have  been  consolidated  to  such  a  d^ree  as  to  form  bold  escarpments 
thousands  of  feet  in  height ;  but  even  where  intruded  by  countless  . 
basaltic  dikes,  these  Tertiary  sediments  can  not  be  said  to  be  metamor- 
phosed. In  the  Snoqualmie  Pass  area,  on  the  other  hand,  the  sediment- 
ary rocks,  though  also  of  Tertiary  age,  appear  much  older.  Their  strat- 
ification is  generally  difficult  to  determine.  The  shale  becomes  a  compact 
and  flinty  slate,  while  the  sandstone  has  often  the  glassy  and  dense 
character  of  quartzite. 

More  striking  even  than  these  lithological  characters  of  the  rocks  is 
their  influence  upon  the  topography.  So  bold  are  the  peaks  composed 
of  these  Tertiary  slates  and  sandstones  that  it  is  usually  impossible  to 
distinguish  them  from  the  topographic  forms  cut  out  of  the  jointed 
granite  and  even  harder  granite  porphyry.  Sharp  needle-like  details  of 
a  Crestline  may  indicate  either  the  sedimentary  or  the  igneous  rock. 
Neither  is  the  appearance  of  the  talus  bordering  the  steep  slopes  any 
criterion  as  to  the  nature  of  the  rock  forming  the  cliff*  above. 

This  metamorphism  of  the  sedimentary  rocks  is,  in  part,  of  a  dynamic 
character.  The  presence  of  well  developed  joint  planes  has  much  to  do 
with  the  resemblance  of  the  sedimentary  rocks  to  the  granite,  as  expressed 
in  the  topographic  forms  developed ;  yet  the  greater  part  of  the  meta- 
morphism appears  to  be  traceable  to  the  intrusion  of  the  granite,  since 
it  is  in  this  contact  region  that  the  characters  described  above  are  best 
developed. 

Furthermore,  bordering  the  area  of  the  granitic  rock  there  is  what 
may  be  termed  a  contact  zone.  As  the  contact  is  approached  from  the 
area  of  sedimentary  rocks  the  increase  in  degree  of  metamorphism  is 
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quite  apparent.  The  rocks  gradually  lose  their  original  characters,  be- 
coming either  schistose  or  felsitic.  At  one  place  the  carbonaceous  slate 
has  become  a  gneissoid  rock,  the  black  layers  alternating  with  irregular 
bands  of  quartz  and  feldspar.*  This  impregnation  appears  to  have  been 
effected  by  aqueous  agencies,  and  hence  the  banded  rock  is  not  a  true 
injection  gneiss ;  yet  both  the  added  material  and  its  aqueous  solvent 
doubtless  had  their  source  in  the  mass  of  granite  magma  intrusive  in 
these  sedimentary  rocks. 

Along'the  contact  itself  epidote  and  garnet  are  found  in  abundance.  The 
latter  mineral  occurs  both  massive  and  in  crystals,  and  in  its  massive 
state  the  garnet  is  found  in  bodies  of  considerable  size.  Tourmaline 
also  occurs  in  the  usual  association  with  quartz  in  the  vicinity  of  the 
contact. 

Structure 

sbdimbntary  rocks 

The  attitude  of  the  sedimentary  rocks  in  itself  furnishes  additional 
evidence  as  to  the  intrusive  character  of  the  granite,  and  also  shows  the 
nature  of  that  intrusion.  The  slates  and  sandstones  are  strongly  folded, 
dips  are  mostly  steep,  and  sudden  changes  in  both  strike  and  dip  are 
common.  Within  the  area  here  described  the  metamorphism  often  ob- 
scures the  stratification,  but  a  sufHcient  number  of  observations  could 
be  made  to  show  the  general  relation  of  the  stratified  rocks  to  the  granite 
mass.  The  strike  in  a  few  places  parallels  the  contact,  but  more  fre- 
quently it  maintains  no  definite  relation.  The  large  apophysis  of  granite, 
with  the  two  boss-like  enlargements  mentioned  above,  cuts  directly 
across  the  strike  of  the  slates,  which  here  have  a  generally  vertical  dip. 
In  the  other  places  the  sedimentary  strata  present  a  steep  dip  toward 
the  adjoining  contact. 

NATURE  OF  INTRUSION 

The  facts  just  cited  are  sufficient  to  prove  the  independence  of  the 
structure  in  the  stratified  rocks.  The  intrusion,  therefore,  was  of  a  bath- 
olithic  rather  than  laccolithic  nature.  An  interesting  point  in  connec- 
tion with  Cascade  geology  would  be  a  determination  of  the  maximum 
elevation  attained  by  this  granite  mass  at  any  time  during  or  since  its 
intrusion.  At  present  the  granite  is  known  to  make  up  some  of  the 
higher  peaks  of  this  portion  of  the  range.  The  amount  of  cover  under 
which  this  batholith  consolidated  can  not  be  more  than  conjectured  from 

*  Sixtoenth  Add.  Kept.  U.  S.  Geological  Survey,  part  1,  p.  667. 
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the  facts  now  in  hand.  On  the  summit  of  Denny  mountain,  5,766  feet 
above  sealevel,  the  granite  is  a  rock  of  medium  grain,  showing  none  of 
the  textural  variations  that  are  seen  on  the  northeastern  slope  of  this 
peak  at  a  distance  of  half  a  mile  from  the  contact  with  the  sedimentary 
rocks.  At  another  locality,  at  the  southern  base  of  Huckleberry  moun- 
tain, the  granite  preserves  its  uniform  texture  close  to  the  contact,  while 
a  dike  extending  into  the  overlying  rock  shows  the  usual  change  in 
texture.  Here  the  cover  of  volcanic  rock  is  at  present  about  2,000  feet 
in  thickness,  and  it  is  not  thought  that  its  thickness  ever  exceeded  3,000 
feet.  The  physical  character  of  the  rock  under  which  the  magma  con- 
solidated is  doubtless  a  factor  that  renders  the  problem  a  far  from  simple 
one  when  the  attempt  is  made  to  ascertain  the  conditions  attending  this 
late  intrusion  of  granite. 

Granitic  rocks  similar  to  that  here  described  are  known  to  occur 
along  the  crest  and  western  slope  of  the  Cascade  mountains  as  far  north 
Bs  the  International  boundary,  and  also  as  far  south  as  Mount  Rainier.* 
At  the  latter  locality  an  old  granite  ridge  forms  an  elevated  platform, 
on  which  rests  the  volcanic  cone.  The  Rainier  volcano  is  relatively  so 
recent  that  these  relations  do  not  preclude  the  possibility  of  correlation 
of  the  granite  with  that  described  above. 

On  the  eastern  slope,  in  the  quadrangle  adjoining  this  on  the  east,  the 
Mount  Stuart  granodiorite  is  known  to  be  of  pre- Eocene  age,  and  this 
granitic  rock  is  also  of  probable  areal  importance  to  the  north  and 
northeast. 

The  Mount  Stuart  granodiorite  forms  the  core  of  the  Wenache  moun- 
tains, an  extremely  rugged  range  transverse  to  the  general  trend  of  the 
Cascade  mountains.  This  rock  is  intrusive  in  serpentine  and  other  pre- 
Eocene  formations,  and  here  also  the  intrusion  appears  to  be  of  a  batho- 
lithic  nature.  These  two  granitic  rocks  are  quite  similar  in  general 
composition  and  appearance,  and  the  Mount  Stuart  granodiorite  exhibits 
no  gneissoid  structures  that  would  indicate  its  greater  age.  The  two 
intrusions,  the  one  of  late  Tertiary  and  the  other  of  pre-Tertiary  age, 
must,  however,  be  separated  in  the  geological  study  of  the  northern 
Cascades.  Together  they  are  believed  to  constitute  perhaps  the  most 
important  geologic  feature  in  this  range,  and  as  such  they  must  be 
taken  into  consideration  as  the  growth  of  the  Cascade  range  is  traced. 

R&UMi: 

The  granitic  rock  of  Snoqualmie  pass  is  intrusive  in  sedimentary 
rocks  of  Tertiary  age.     Its  intrusive  nature  is  made  evident  by  the  dikes 

*18th  Ann.  Rept.  U.  S.  Geological  Survey,  part  II,  p.  422. 
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breaking  across  the  strata,  by  the  contact  metamorphism  of  the  leaf- 
bearing  rocks,  and  by  the  independence  of  the  structure  of  the  stratified 
rocks  and  the  intruded  mass,  which  has  the  character  of  a  batholith. 

Granitic  intrusions  of  a  like  nature  play  an  important  role  in  the 
northern  Cascades  and  belong  to  two  distinct  epochs  of  igneous  activity, 
one  being  pre-Eocene,  the  other  late  Tertiary. 
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iNTRODUCrriON 


For  a  number  of  years  my  attention  has  been  called  to  the  coincidence 
in  location  of  the  principal  ore  deposits  of  Missouri,  Kansas,  and  Arkan- 
sas with  the  border  areas  of  the  Ozark  uplift. 

Geography  of  Area 
location  of  dome 

This  dome  in  a  general  way  occupies  an  elliptical  area  about  twice  as 
long  as  wide,  with  a  major  axis  250  miles  in  length,  extending  from  a 
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point  in  the  eastern  part  of  Indian  Territory  north  of  the  Arkansas 
river  northeast  to  the  vicinity  of  Bismarck,  in  Saint  Francois  county, 
Missouri.  The  periphery  of  the  elliptical  area  passes  through  the 
extreme  northeastern  i)art  of  Indian  Territory,  thence  northeast  into 
Missouri  by  way  of  Jasper,  Dade,  Hickory,  Morgan,  Cole,  and  Franklin 
counties,  and  swings  around  to  the  east  and  finally  back  to  the  south- 
west through  Washington,  Saint  Francois,  Madison,  Reynolds,  Shannon, 
and  Howell  counties,  in  Missouri,  and  crosses  the  line  into  Arkansas 
through  Baxter,  Marion,  Boone,  and  Carroll  counties  to  the  place  of 
beginning.  The  southern  limit  of  the  Ozark  dome,  however,  is  not  so 
definitely  located  as  the  northern,  inasmuch  as  the  Boston  mountains 
on  the  south  either  coalesce  with  the  Ozarks,  causing  the  boundary  to 
be  carried  much  farther  south,  or  approach  so  closely  that  the  two  are 
practically  united,  depending  upon  the  particular  view  one  may  take  of 
this  relation.  The  width  of  what  may  properly  be  called  the  border 
area  varies  from  25  to  40  or  60  miles,  depending  on  the  irregularities  in 
the  nature  of  the  uplift.  * 

MINING  DISTRICTS 

The  principal  mining  districts  and  the  areas  of  ore  deposition  where 
mining  has  not  yet  been  developed  to  any  considerable  extent  may  he 
enumerated,  following  the  directions  as  above. 

1.  In  the  northeast  corner  of  Indian  Territory  lead  and  zinc  ores 
occur  in  relatively  great  abundance,  with  mining  development  now  in 
the  prospecting  stage. 

2.  The  Galena-Joplin  area,  including  the  extreme  southeast  corner  of 
Kansas  and  parts  of  Newton  and  Jasper  counties,  Missouri,  with  borders 
reaching  into  Lawrence  and  Dade  counties  and  extreme  outlying  mines 
in  the  northwest  corner  of  Barry  county  and  certain  parts  of  Green  and 
Christian  counties,  in  which  area  lead  and  zinc  ores  occur  in  sufficient 
abundance  to  produce  some  of  the  richest  mines  in  the  world. 

3.  The  central  Missouri  district,  with  a  crescent-like  outline  concave 
southward,  one  limb  reaching  to  the  southwest  from  Morgan  county 
through  southern  Benton,  Camden,  Hickory,  and  Cedar  counties,  con- 
necting with  the  Joplin  area  through  Dade  county,  the  other  limb 
extending  to  the  southeast  through  Miller,  Cole,  and  Osage  counties, 
connecting  with  the  southeast  area  through  Franklin  and  Jefferson  coun- 
ties, an  area  particularly  noted  for  lead  ores,  but  in  which  there  is  a  large 
amount  of  zinc  ore. 

4.  The  southeast  mining  district  of  Missouri,  including  Franklin,  Jef- 
ferson, Washington,  Saint  Francois,  Madison,  Iron,  Wayne,  Reynolds, 
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and  Shannon  counties,  with  a  preponderance  of  lead  ore,  but  producing 
some  zinc  ore,  a  small  amount  each  of  copper,  nickle,  and  cobalt  ores, 
and  locally  large  amounts  of  both  red  and  brown  hematite  iron  ores. 

5.  The  southern  Missouri  and  northern  Arkansas  district,  including 
practically  all  the  southern  counties  of  Missouri  west  of  Oregon  county, 
and  three  or  four  of  the  northern  counties  of  Arkansas,  particularly 
Baxter,  Marion,  Boone,  and  Carroll  counties,  throughout  which  area 
but  little  mining  has  been  done  in  the  true  sense  of  the  term,  but  which 
contains  "  shines  "  or  traces  of  lead  and  zinc  ores  exposed  at  the  surface 
in  almost  every  county  named.  It  is  doubtful  if  there  is  a  space  as  great 
as  25  miles  around  this  border  which  does  not  include  very  good  surface 
prospects  for  one  or  another  of  the  ores  mentioned. 

6.  A  few  n^ining  localities  in  southern  Missouri,  which  lie  outside  of 
whatlshould  properly  be  called  the  border  area,  and  in  the  high  uplands 
of  the  summit  of  the  dome.  Thus  Aurora  and  Wentworth,  in  Lawrence 
county,  and  Ashgrove,  in  western  Green  county,  with  other  less  devel- 
oped mines  in  southern  Green  county  and  northern  Christian  county, 
should  properly  be  looked  upon  as  outside  the  border  area,  with  perhaps 
other  localities  which  may  become  of  some  importance  in  the  future.  Yet 
the  Kreat  preponderance  of  ore  deposits  as  now  developed  are  removed 
from  the  summit  of  the  uplift,  with  the  richest  ones  occupying  the  outer 
or  lower  portions  of  the  border  area. 

LiTHOLOGY  AND   Age  OP  ArEA 

VARIETIES  OF  ROCKS 

In  lithologic  characteristics  the  rocks  included  in  th^  Ozark  area  are 
of  four  principal  .varieties,  namely,  the  Archean  crystallines,  limestones* 
sandstones  and  conglomerates,  and  the  flint  or  chert. 

ARCHEAN  CRYSTALLINES 

These  crystalline  rocks  are  confined  to  the  eastern  part  of  the  area  con- 
sidered, being  extensively  exposed  in  the  southeastern  mining  district 
as  above  outlined.  They  are  granites  and  porphyries  with  basic  dike- 
rocks  cutting  them  here  and  there  in  many  places.  The  age  of  the  dikes 
seems  to  be  pre-Cambrian,  as  they  do  not  extend  up  into  the  overlying 
Cambrian  strata.  Therefore  the  period  of  rock  fracturing  and  volcanic 
activity  with  the  outflows  of  lava  producing  the  dike  rocks  was  pre- 
vious to  Cambrian  time  and  perhaps  in  no  way  connected  with  the  sub- 
sequent movements  which  produced  the  principal  Ozark  uplift.  It  is 
probable  that  a  floor  of  crystalline  rocks  extends  westward  under  the 
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greater  part  or  all  of  the  Ozark  area,  being  buried  to  variable  depths  in 
different  places. 

LIMESTONES 

Limestone  is  the  most  abundant  of  all  rocks  found  in  the  area.  It  is 
Ix>wer  Silurian  and  Cambrian  in  age  in  the  eastern  part  of  the  territory, 
and  Lower  Carboniferous  or  Mississippian  in  the  western,  as  is  shown  by 
the  admirable  geological  maps  published  by  the  Missouri  Geological 
Survey.  In  general  these  limestones  are  very  compact  and  firm ;  but 
in  some  places  they  are  filled  with  minute  openings,  particularly  in  the 
east  where  they  carry  such  large  quantities  of  disseminated  lead  ore ; 
also,  they  are  frequently  cut  by  vertical  or  semi-vertical  fissures  carry- 
ing ores,  particularly  around  the  border  areas. 

SANDSTONES 

The  sandstone  is  moderately  abundant  in  the  eastern  and  southern 
parts  of  the  territory,  the  greater  part  of  it  being  of  Lower  Silurian  or 
Cambrian  age.  Although  its  distribution  is  comparatively  irregular,  it 
is  found  in  great  abundance  in  the  southeastern  mining  area,  and  also 
in  many  parts  of  southern  Missouri  and  northern  Arkansas.  In  the 
southwest,  in  the  same  geologic  formation,  it  is  much  less  abundant,  as 
is  shown  by  numerous  deep  wells  drilled  here  and  there  throughout  the 
southwest  mining  district.  Strangely,  a  deep  well  at  Neodesha,  Kansas, 
about  55  miles  west  and  a  little  north  of  Galena,  shows  that  below  a  300- 
foot  bed  of  Lower  Carboniferous  limestone  and  flint,  and  beginning  at 
about  1,370  feet  below  the  surface,  the  Silurian  sandstone  continues 
almost  uninterr.uptedly  for  over  1,000  feet,  or  to  the  bottom  of  a  well 
2,412  feet  deep.  Throughout  this  distance  an  occasional  limestone  was 
encountered,  but  more  than  three-fourths  of  the  entire  1 ,000  feet  were 
occupied  by  sandstone.  If  reliance  can  be  i)laced  on  the  records  kept  by 
the  drillers  of  the  deep  wells  in  the  vicinity  of  Joplin  and  Carthage, 
where  so  much  Silurian  limestone  was  found,  and  I  know  of  no  reason 
for  doubting  them,  it  will  be  seen  that  the  geographic  distribution  of 
the  Silurian  sandstone  is  unexpectedly  irregular. 

FLINT  OR  CHERT 

The  southwest  mining  area  includes  probably  the  heaviest  bodies  of 
flint  rock  known  in  the  world.  Here  in  different  i)laces  such  bodies  are 
known  to  be  nearly  800  feet  thick  and  have  a  lateral  extent  of  from  3  to 
5  miles.  The  formations  are  the  Lower  Carboniferous  or  Mississip])inn 
Jimestoue^  with  the  flint  interbedded  in  a  most  irregular  manner.  Around 
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the  borders  of  heavy  flint  areas  limestone  and  flint  are  interhedded  with 
comparative  regularity,  the  alternate  layers  being  sometimes  no  more  than 
half  an  inch  in  thickness.  Frequently,  however,  the  flint  has  manifested 
a  tendency  to  assume  rounded  forms,  as  concretionary  masses  generally 
do,  80  that  boulders  of  many  sizes  and  shapes  are  common,  embedded  in 
the  stratified  limestone.  It  is  not  unusual  for  a  drill  or  shaft  to  pass  from 
the  surface  to  a  depth  of  from  50  to  150  feet  through  limestone,  below 
which  flint  is  found  reaching  to  a  much  greater  depth  and  bedded  with 
a  considerable  regularity.  Such  conditions  are  noted  occasionally  about 
(Jalena  and  Joplin  and  Webb  city,  but  perhaps  most  markedly  so  at 
Wentworth  and  Aurora,  at  which  places  the  princi[)al  ore  deposits  occupy 
the  open  spaces  between  successive  layers  of  flint.  Around  Galena  and 
Joplin  the  change  in  horizontal  directions  from  flint  to  limestone  may 
be  gradual  or  may  be  very  abrupt,  being  so  well  marked  that  the  dis- 
tance of  100  feet  will  carry  one  from  a  solid  flint  area  across  to  one  of 
correspondingly  solid  limestone;  but  such  radical  changes  are  excep- 
tional. The  fissures  in  the  flint  rock  about  Galena,  Joplin,.  and  Webb 
city  are  the  principal  openings  which  have  been  filled  with  lead  and ' 
zinc  ores. 

General  Character  op  Ozark  UpLirr 

MONOCLINAL  TYPE 

The  Ozark  dome  in  general  is  of  the  monoclinal  type  of  uplifts  so  com- 
mon in  the  great  West,  although  the  area  is  so  small  it  represents  the 
type  somewhat  in  miniature.  It  seems  that  the  forces  producing  the  up- 
lift acted  radially  rather  than  tangentially  and  resulted  in  a  stretch- 
ing? of  the  strata  rather  than  a  crumpling.  On  the  summit  the  bedding 
planes  are  found  to  be  almost  horizontal,  while  throughout  the  border 
.areas  they  are  inclined  away  from  the  dome  center. 

STRETCHING  OF  STRA  TA 

The  degree  to  which  the  strata  were  stretched  or  elongated  has  not 
been  measured  accurately,  but  indications  of  it  are  found  on  all  sides. 
Winslow  has  noticed  the  tendency  of  the  various  fissures  to  contract 
downward,  although  he  does  not  particularly  refer  to  the  elongation  of 
the  surface.  Recently,  while  engaged  in  a  study  of  the  Kansas  coal- 
fields in  the  southeastern  part  of  the  state,  it  was  learned  that  the  so- 
called  "horsebacks,"  so  abundant  in  the  coalfields  of  Cherokee  and 
Crawford  counties,  are  in  reality  clay-filled  seams  or  fissures,  produced 
by  earthquake  movements,  which  trend  parallel  to  the  tangent  of  the 
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Ozark  elliptical  area.  The  brittle  coalbeds  readily  break,  and,  being 
dark  in  color,  are  most  excellent  indicators  of  earth  movements.  It  was 
found  that  the  stretching  of  surface  lines  had  resulted  in  opening  these 
numerous  fissures  to  distances  varying  from  3  to  30  or  40  feet.  It  was 
further  observed  that  such  fractures  were  rarely  accompanied  by  vertical 
displacement,  although  one  mine  near  Pittsburg  showed  a  displacement 
of  8  feet,  the  downthrow  being  to  the  east.  The  coalbeds  to  the  north 
and  northwest  have  a  much  smaller  number  of  "  horsebacks  "  or  fissures, 
the  number  growing  smaller  as  the  distance  from  the  Ozarks  increases, 
until  at  Osage  city  and  Leavenworth  they  are  entirely  unknown,  strongly 
implying  that  the  fissures  in  Cherokee  and  Crawford  counties  were  con- 
nected in  origin  with  the  Ozark  uplift. 

THE  FRACTURES 

The  fractures  appear  to  be  much  more  numerous  around  the  borders 
of  the  uplifted  area  than  in  the  central  part.  About  Galena  and  Joplin 
the  flint  rocks  are  so  badly  shattered  that  it  seems  to  be  impossible  to 
find  a  fragment  6  inches  in  diameter  free  from  fissures.  The  "  ribbed  " 
ground  is  here  the  prevailing  type,  so  called  on  account  of  the  great 
abundance  and  general  parallelism  of  vertical  fissures.  To  the  east  at 
Wentworth  and  Aurora,  nearer  the  summit  of  the  dome,  the  heavy  flint 
beds  carrying  the  ores  are  almost  free  from  fissures  and  the  "  ribbed" 
condition  is  entirely  wanting.  A  careful  study  in  other  parts  of  the  area 
would  probably  reveal  a  similar  set  of  conditions.  It  is  known  that 
fissures  are  frequently  found  along  the  northern  border  in  Hickory, 
Morgan,  and  adjacent  counties,  producing  true  fissure  veins.  The  same 
is  true  to  a  considerable  extent  in  the  southeast  about  Bonne  Terre  and 
Mine  La  Motte,  while  northern  Arkansas  and  southern  Missouri,  although 
less  extensively  studied,  reveal  much  the  same  condition.  This  is  in 
accord  with  the  general  conditions  observed  elsewhere  in  areas  occupy- 
ing great  monoclinal  uplifts,  the  areas  of  maximum  fracturing  and  fault- 
ing being  confined  to  the  borders. 

It  is  probable  that  the  nature  of  the  rocks  had  a  strong  influence  on 
the  character  of  the  fissures  produced  by  earth  movements.  The  heavy 
beds  of  Silurian  limestone,  with  cushions  of  soft  interbedded  sandstone, 
would  resist  fracture  tendencies  as  well  as  any  rocks  known ;  but  when 
the  stress  became  sufficiently  great  to  produce  fracturing  the  tough  and 
somewhat  elastic  limestone  would  yield,  producing  a  small  number  of 
relatively  large  fissures,  accompanied  by  vertical  displacement  or  other- 
wise, thereby  relieving  the  strain.  The  opposite  extreme  is  found  in  the 
heavy  beds  of  brittle  flint  about  Galena  and  Joplin.    Here  the  slightest 
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strain  would  produce  fractures  in  a  rock  as  brittle  as  glass,  already  pos- 
sessing internal  tensions  of  a  high  degree,  so  that  the  required  yielding 
would  be  along  the  lines  of  myriads  of  small  fractures  rather  tlian  along 
a  few  large  ones.  Large  fissure  veins  and  faults  of  appreciable  size 
would  therefore  be  less  frequent  than  in  limestone  regions. 

But  the  numerous  small  fissures  would  permit  weathering  agents  to  * 
pass  downward  much  more  generally  than  in  regions  of  the  larger  fissures, 
which,  in  connection  with  the  interbedded  character  of  the  limestone 
and  flint,  would  cause  a  much  greater  dissolving  out  of  the  limestones 
than  elsewhere.  This  in  turn  would  increase  the  underground  openings 
and  bring  about  to  a  great  degree  a  falling  in  of  the  residual  flint  masses, 
resulting  in  the  production  of  great  disturbance,  with  a  maximum  oppor- 
tunity for  free  circulation  of  ground  waters,  one  of  the  essential  condi- 
tions for  extensive  ore  deposition. 

It  is  a  noteworthy  fact  that  the  whole  Ozark  disturbance  was  unaccom- 
panied by  volcanic  action  of  any  kind  whatever,  as  far  as  is  now  known,  i  \^ 
save  the  one  little  instance  in  Camden  county  where  a  pegmatite  dike 
was  discovered  by  Winslow,  with  the  Mesozoic  eruptives  of  Arkansas 
being  the  only  other  instance  known  in  the  whole  Mississippi  valley  of 
post-Paleozoic  volcanic  action. 

Mineralization  of  the  Rocks 

its  character 

The  mineralization  which  has  taken  place  has  a  dual  interest,  one  on 
account  of  the  character  of  minerals  formed  and  one  on  account  of  the 
absence  of  certain  other  minerals  frequently  found  in  areas  of  great 
disturbance. 

LIST  OF  MINERALS  AND  ORES 

In  the  western,  northern,  and  southern  parts  of  the  area  the  ores  found 
are:  galena,  with  its  well  known  alteration  products;  zinc  blende,  with 
its  customary  alteration  products ;  copper  pyrite  and  secondary  mineral, 
resulting  from  its  weathering ;  the  two  iron  sulphides,  pyrite  and  mar- 
casite,  and  their  decomposition  products ;  calcite,  dolomite,  barite,  and 
quartz,  with  possible  traces  of  a  few  other  minerals  not  yet  observed.  In 
the  southeastern  district,  in  addition  to  those  just  named,  the  diff*erent 
iron  oxides  are  found  in  large  quantiti^,  with  ores  of  both  cobalt  and 
nickel,  and  in  at  least  one  fissure  vein  with  granite  walls  at  the  old  Ein- 
stein Silver  Mines  diflTerent  fumerole  minerals,  such  as  quartz,  fluorite, 
topaz,  wolframite,  and  lithia-mica,  have  been  found.  In  the  west  quartz 
is  almost  entirely  unknown,  only  a  few  specimens  of  well  crystallized 
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quartz  having  yet  been  found  at  Galena,  Joplin,  or  Webb  city.  In  the 
vicinity  of  Wentwortli  it  is  more  abundant.  In  the  southeastern  district 
quartz  is  abundantly  found  in  connection  with  residual  masses  which 
constitute  the  hills  and  adjacent  granite  and  porphyry  areas. 

GANOUE  MATERIALS 

In  the  Galena-Joplin  district  about  the  only  gangue  associated  with 
the  ores  that  occur  in  flint  rock  is  a  variety  of  silicious  material  pro- 
duced in  great  abundance  filling  to  different  degrees  the  openings  in  the 
rocks  and  generally  carrying  more  or  less  galena  and  blende.  This  is 
the  cherokite  of  Jenny,  and  is  variously  composed  of  clay  sediments 
and  silicious  matter  deposited  from  water  solution,  sometimes  appear- 
ing as  an  incoherent,  soft,  almost  pulverulent  mass,  but  frequently  as  a 
hard,  fine  cement  holding  together  the  chert  fragments,  producing  a  solid 
breccia.     Between  these  two  extremes  are  all  possible  variations. 

Calcite  is  found  in  large  quantities  in  mines  close  to  limestones,  and 
dolomite  likewise  is  most  abundant  in  such  places.  Barite  is  only 
occasionally  found  about  Galena  and  Joplin — so  rarely,  in  fact,  that  the 
miners  have  not  yet  learned  to  recognize  it.  Pyrite  and  marcasite  occur 
in  relative  abundance;  but,  compared  with  the  volume  of  galena  and 
blende,  they  should  be  considered  as  of  little  importance.  Barite  grad- 
ually increases  eastward  to  the  vicinity  of  Washington  and  Saint  Fran- 
cois counties,  where  it  becomes  sufficiently  abundant  to  constitute  an 
important  commercial  product. 

PECULIAR  ABSENCE  OF  IMPORTANT  MINERALS 

It  is  quite  important  to  note  the  universal  absence  from  the  whole 
area  of  certain  silicate  and  allied  minerals,  with  the  exception  of  those 
found  in  the  fissure  veins  cutting  the  crystalline  rocks  of  the  southeast. 
The  absence  of  quartz  and  feldspar  and  mica  and  garnet  and  topaz 
and  fluorite  and  wolframite  and  other  minerals  so  frequently  found  as 
gangue  materials  in  mining  districts  where  volcanic  action,  fumerole 
action,  or  precipitation  from  hot  solutions  have  produced  the  ore  de- 
posits, so  characterizes  the  area  that  its  significance  becomes  very  impor- 
tant. It  corresponds  entirely  with  the  absence  of  volcanic  materials 
throughout  the  Ozark  area,  as  already  explained.  It  signifies  that  raet- 
amorphism  of  all  kinds,  other  Ihan  weathering  metamorphism,  has  had 
no  influence.  It  implies  that  the  earth  movements  were  entirely  unac- 
companied by  heat  phenomena  of  a  volcanic  nature,  and  that  the  move- 
ments were  so  mild  regional  metamorphism  from  heat  or  pressure  could 
not  be  produced.     It  further  has  a  strong  bearing  on  the  important 
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question  of  the  origin  of  the  ores  and  causes  of  mineralization.  It 
practically  negatives,  it  would  seem,  the  idea  entertained  by  some  that 
the  lead  and  zinc  ores  in  general  were  brought  from  great  depths  by  hot 
waters  and  scattered  throughout  the  rocks  adjacent  to  deep  reaching 
fissures. 

Conclusions 

From  the  foregoing  discussions  it  may  be  concluded  that  the  mineral 
area  of  southern  Missouri  and  adjacent  territory  owes  its  existence  as 
such  to  the  peculiar  relations  existing  between  the  fractures  produced 
in  the  formation  of  the  Ozark  monoclinal  uplift  and  the  character  of  the 
rocks  covering  the  area.  The  ore  deposits  are  most  abundant  where  the 
nature  of  the  fractures  permits  the  greatest  freedom  in  ground  water 
circulation,  which  is  around  the  borders  of  the  uplift.  The  character  of 
the  rocks  likewise  has  had  a  great  influence  on  the  kind  and  abundance 
of  fissures  produced.  In  the  Joplin  district,  where  flint  rock  so  abounds, 
its  exceeding  brittleness  caused  the  production  of  the  greatest  number 
of  small  fissures  and  the  smallest  number  of  large  ones.  This,  together 
with  the  extensive  interbedding  of  limestone  and  flint,  with  the  lime- 
stone largely  removed  by  solution,  leaving  residual  flint  masses,  has 
produced  most  favorable  conditions  for  ore  deposition,  and  hence  such 
exceptionally  rich  bodies  of  lead  and  zinc  ores  in  the  district. 

The  age  of  the  geologic  formations  concerned  is  of  no  consequence, 
excepting  as  that  may  have  influenced  their  ability  to  withstand  strains 
and  their  tendency  to  fracture.  Therefore  the  presence  of  ore  bodies  in 
the  Silurian  of  Madison  county,  Missouri,  implies  nothing  either  for  or 
against  the  presence  of  like  ore  bodies  in  the  Silurian  rocks  of  other 
localities ;  nor  do  the  rich  lead  and  zinc  mines  of  Galena  and  Joplin  in 
the  sub-Carboniferous  rocks  have  any  bearing  on  the  protiable  presence 
of  like  ore  bodies  in  rocks  of  the  same  age  in  Iowa,  Illinois,  and  other 
States. 

Future  mining  developments  will  probably  be  confined  principally  to 
the  border  areas  of  the  elliptical  uplift,  a  conclusion  to  be  considered  by 
prospectors ;  yet  under  most  favorable  conditions  in  the  character  of  the 
rocks  valuable  ore  bodies  may  occasionally  be  found  far  up  toward  the 
summit  of  the  dome  or  equally  removed  from  the  border  areas  in  oppo- 
site directions,  due  to  exceptional  fissuring  in  such  localities. 

RESUME 

The  Ozark  uplift  is  elliptical  in  outline,  and  occupies  the  greater  part 
of  southern  Missouri  and  small  portions  of  Kansas  and  Arkansas.    The 
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principal  mining  localities  are  located  around  the  border  of  this  area  in 
such  a  manner  that  some  relation  between  them  and  the  uplift  la 
strongly  implied. 

The  Ozark  area  is  monoclinal  in  character,  with  almost  horizontal 
strata  on  top  of  the  dome  and  steeper  inclinations  on  the  sides.  Various 
degrees  of  fracturing  resulted  from  the  uplift  movements,  most  pro- 
nounced, however,  around  the  borders,  where  the  inclination  of  strata 
is  greatest,  and  in  the  flint  areas,  where  the  rocks  were  most  brittle.  No 
volcanic  phenomena  accompanied  the  uplifting  processes,  nor  was 
regional  metamorphism  produced  to  any  extent.  The  geologic  age  of 
the  formations  concerned  is  of  no  special  importance  in  connection  wiUi 
the  ore  deposits,  but  the  lithologic  characters  have  had  a  marked  influ- 
ence on  the  extent  to  which  fracturing  has  been  produced,  and  therefore 
on  the  abundance  of  ore  deposition.  The  total  absence  of  all  kinds  of 
metamorphic  minerals  associated  with  the  ores,  excepting  in  the  fissure 
veins  of  the  Archean  granites,  is  in  harmony  with  a  like  absence  of  vol- 
canic phenomena,  and  strongly  negatives  the  theory  entertained  by  some 
tliat  the  ores  were  deposited  by  hot  waters  brought  up  from  great  depths. 
Future  prospecting  should  be  confined  principally  to  the  border  areas. 
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Introduction 


Why  is  it  that  nearly  all  leading  American  stratigraphers  as  well  as 
the  authors  of  the  principal  American  geological  text-books — Dana,* 
Le  Content  Williams,!  *>^^^  Scott  § — refer  the  Lower  Helderberg  to  the 
Siluric  system  ?  This  question  gains  peculiar  force  when  another  fact 
is  pointed  out,  namely,  that  nearly  all  European  stratigraphers  who 
have  investigated  the  systemic  position  of  the  Lower  Helderberg,  and 
Geikie,  II  Kayser,^  and  Freeh,**  in  their  respective  text-books,  unhes- 
itatingly place  the  same  formation  in  the  Devonic,  as  lowest  Lower 
Devonic.  This  is  not  merely  a  question  of  drawing  the  line  between 
two  geological  eras,  a  little  higher  or  a  little  lower  in  the  time  scale,  but 
it  involves  taxonomic  principles  and  stages  in  faunal  or  evolutional 
progression. 

*  Jamos  D.  Dana :  Manual  of  Geology,  4th  ed.,  New  York,  1896,  pp.  635,  660,  676. 

t  Joseph  Le  Conte  :  EIemont«  of  Geology,  New  York,  1678,  p.  282.  The  Oriskany  is  here  also 
included  in  the  Siluric.  In  the  edition  of  1895  the  Siluric  terminates  with  the  Lower  Helder- 
berg (see  p.  296). 

X  Henry  Shaler  Williams  :  Geological  Biology,  New  York,  1R96,  pp.  3S,  52. 

I  William  Scott :  An  Introduction  to  Geology,  New  York,  !897,  pp.  385,  3M. 

{  Sir  .Archibald  (reikie  :  Text-»H)ok  of  Geology,  London,  180.3,  p.  790. 

T  K.  Kayser  :  Text-book  of  Comparative  (ieology,  translated  by  Philip  Lake,  London,  18U,p.lll- 

•♦  Fritz  Freeh  :  Letluea  geognostica,  1  Theil,  2  Band,  Stuttgart,  1897,  p.  207. 
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One  of  the  chief  reasons  for  these  varying  views  lies  in  the  fact  that 
the  lower  limit  of  the  Devonic  of  England  has  never  been  defined,  and 
its  lowest  well  marked  fauna  is  apparently  not  older  than  the  Oriskany. 
Again,  Barrande  included  his  Stages  F,  G,  and  H,  together  with  the 
Lower  and  Upper  Helderberg,  in  the  Siluric.  These  are  now  regarded 
by  most  continental  paleontologists,  however,  as  of  Lower  and  Middle 
Devonic  age.  Americans  have  not  apparently  paid  much  attention  to 
the  recent  developments  in  the  Lower  Devonic  of  the  Rhineland.  Geikie 
writes  that — 

*'  It  18  rather  from  the  sections  and  fossil  collections  of  central  Europe  than  from 
those  of  En^rland  that  the  stratigraphy  and  paleontology  of  the  Devonian  system 
are  to  be  determined." 

Murchison,in  reviewing  his  work  of  1842  in  the  Rhenish  area,  twelve 
years  later,  says : 

"  I  have  been  convinced,  through  the  paleontological  labors  of  Ferdinand  Roemer 
and  the  brothers  Sandberger,  that  the  types  of  that  lower  Rhenish  subdivision  are 
distinct  from  the  Upper  Silurian,  and  in  harmony  with  the  lowest  Devonian  group 
of  other  countries." 

The  geographically  restricted  condition  of  the  Ix)wer  Helderberg  and 
the  completeness  with  which  its  fauna  was  described  by  Hall,  in  1859, 
have  left  Americans  little  opportunity  to  examine  its  systemic  position. 
The  influence  of  that  great  nestor  of  American  geologists  has  so  estab- 
lished the  position  of  the  Lower  Helderberg,  that  writers  of  text-books 
seem  unwilling  to  set  aside  his  conclusions.  When  Clarke  published 
his  paper  on  "  The  Hercynian  question  "  the  present  writer  was  assist- 
ant to  Professor  Hall.  At  that  time,  Clarke  proved  the  unmistakable 
Devonian  aspect  of  the  Lower  Helderberg  fauna,  and  Hall  is  not  known 
to  have  objected  to  this  presentation.  Walcott,*  in  reviewing  Clarke's 
paper,  states  in  conclusion  that — 

"  This  sugf^estion  [Lower  Helderherg  =  Lower  Devonian],  comes  to  me  w^ith 
peculiar  force  at  the  present  time,  and,  if  the  Silurian  system  was  to  be  reclassified 
today,  I  should  favor  the  following?  scheme :  I^wer  division,  Canadian,  Calciferous, 
and  Chazy;  middle  division,  Trenton  and  Hudson,  and  upper  division,  Niagara 
and  Salina.  The  summit  of  the  Silurian  would  be  drawn  at  the  Waterlime  forma- 
tion, and  the  Lower  Helderberg  would  be  considered,  with  the  Oriskany  sandstone, 
ae  lowest  Devonian.  This,  to  my  mind,  is  the  more  natural  classification,  and 
divides  the  Paleozoic  into  four  subequal  groups— Cambrian,  Silurian,  Devonian, 
and  Carboniferous." 

It  may  be  well  to  state  here  that  most  system  boundaries  are  estab- 
lished in  regions  where  some  physical  event  has  made  a  break  in  the 

•Araer.  Jour.  Sci.,  vol.  xzxix,  1890,  p.  156. 
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continuity  of  faunal  evolution.  In  establishing  such  a  boundary  else- 
where one  may  assume  the  physical  event  to  have  been  general  or  local 
in  character.  In  the  first  case  the  system  boundary  is  marked  by  an 
abrupt  change  in  life ;  in  the  second  there  will  be  a  gradual  faunal  transi- 
tion, necessitating  the  somewhat  arbitrary  placing  of  the  boundary.  Tbe 
writer  holds  that  present  knowledge  is  more  in  harmony  with  the  view 
that  j)hysical  events  are  local  and  faunas  transitional.  However,  in 
carrying  out  this  view  in  correlating  widely  separated  areas,  one  will  incur 
fewer  difficulties  by  conforming  as  far  as  possible  to  the  limitations  of 
the  systems  as  originally  defined  by  their  makers. 

The  upper  limits  of  the  Silurian  have  been  established  by  Murchison, 
and  strata  younger  than  the  "  Tilestones  "  and  '*  Downton  Castle  sand- 
stone "  can  not  well  be  added  to  this  system  unless  such  have  a  fauna 
whose  facies  is  Silurian.    Professor  Williams*  writes : 

**  Systems  were  originally  gronpe  of  successive  rock  formations  ;  their  limitation 
was  therefore  determined,  in  the  first  place,  by  the  extent  of  tbe  rocks  in  the  par- 
ticular region  where  they  were  first  defined.  Hence  the  series  of  formations  con- 
stituting an  original  system  is  in  each  case  a  standard  of  reference,  and  its  general 
application  is  accomplished  by  determining  its  equivalent  fommtions  in  other 
regions.     .     .     . 

"It  is  all-important  to  know  what  formations  make  up  these  standard  systems; 
for  only  as  other  rocks  contain  the  same  faunas  or  floras  can  they  be  identifitid  as 
of  equivalent  age  and  therefore  as  belonging  to  the  same  system.  The  real  time 
indicators  are,  therefore,  the  fossils.'' 

Has  the  Lower  Helderberg  a  Siluric  facies,  when  but  11  species,  or 
about  2  per  cent,  of  its  fauna  of  459  forms  are  derived  from  the  Siluric? 
The  generic  diflerences  are  even  more  marked,  and  Clarke  has  well  said 
that— 

"  The  upper  limit  of  the  typical  Silurian  section  was  clearly  defined,  and  time 
has  shown  that  this  limit  was  not  only  one  of  a  geological  series,  but  the  dead-line 
of  a  large  number  of  organic  types." 

As  to  the  relation  of  the  Oriskany  to  the  Lower  Helderberg,  Hall,t  in 
1859,  wrote  as  follows : 

**  The  great  changes  in  the  physical  conditions  supervening  at  the  cloreof  the 
preceding  group  [Lower  Helderberg]  indicate  an  influence  which  would  afiect  in  an 
equal  manner  the  fauna  of  the  succeeding  one,  and  we  find  accordingly  few  species 
passing  from  the  Lower  Helderberg  group  to  the  Oriskany  sandstone.  The  changes, 
however,  are  mainly  of  a  specific  character ;  no  new  genera  being  introduced. 

"  It  is  not  possible,  therefore,  to  point  out  any  changes  in  the  fauna  of  this  period 
suflicient  to  indicate  the  commencement  of  a  new  system,  and  its  relations  with 

*(teological  Biology,  189o,  p.  31. 

t  Pftleontolo)?y  of  New  York»  vol.  iii,  18:»9,  pp.  401-402. 
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the  formatioiiB  below  are  as  intimate  as  with  those  above ;  while  in  the  Northern 
and  Middle  States,  the  Oriskany  sandstone  bears  in  its  fauna  a  closer  relation  to  the 
lower  than  to  the  overlying  formations.*'* 

It  will  be  shown  that  the  Lower  Helderberg  has  its  equivalent,  faunally , 
in  Barrande's  ^tage  F,,  as  found  at  Koniepruss,  in  Bohemia,  and  that,  in 
the  Rhine  section,  German  geologists  have  for  this  formation  a  fixed 
place  in  the  Lower  Devonic. 

In  his  "Synopsis  of  American  fossil  Brachiopoda,''  published  three 
years  ago  by  the  U.  S.  Geological  Survey,!  the  writer  included  all  Lower 
Helderberg  and  Oriskany  species  in  "Table  VI,  Devonian  Brachiopoda," 
as  *'  Eodevonian."  Apparently  no  one  has  noticed  this  radical  departure 
from  accepted  American  standards ;  at  least,  no  one  has  pointed  it  out 
or  given  reasons  why  these  forms  are  not  of  Devonic  age. 

Silurian  of  MurchisonJ 

application  of  the  term  by  geologists 

In  1835,  the  term  Silurian  was  first  applied  by  Murchison  to  a  series 
of  formations  well  developed  in  Shropshire,  England,  a  "  region  once 
inhabited  by  the  British  tribe  of  Silures ; "  hence  the  name. 

"  From  the  base  of  the  Old  Bed  sandstone,  he  was  able  to  trace  his  Silurian  .types 
of  foesils  into  successively  lower  zones  of  the  old  *  Grauwacke.'  It  was  eventually 
found  that  similar  fossils  characterized  the  older  sedimentary  rocks  all  over  the 
world,  and  that  the  general  order  of  succession  worked  out  by  Murchison  could 
everywhere  be  recognized.  Hence  the  term  Silurian  came  to  be  generally  employed 
to  designate  the  rocks  containing  the  first  great  fauna  of  the  Geological  Record." 

At  first  the  Silurian  not  only  included  what  is  now  known  as  Lower 
Silurian,  or  Ordovicic,  or  Champlainic,  and  Upper  Silurian,  or  Siluric, 
but  also  much  of  the  Cambrian  of  Sedgwick.  "  The  controversy  regard- 
ing the  respective  limits  of  the  Cambrian  and  Silurian  formations  sur- 
vived the  lifetime  of  the  two  great  antagonists.'' § 

The  present  work,  however,  has  no  bearing  on  the  lower  limit  of  Mur- 
chison's  Silurian,  but  aims  to  determine  what  constituted  the  upper  limit 
of  his  '*  Upper  Silurian  "  and  the  lower  limit  of  his  "  Devonian." 

R^arding  the  Upper  Silurian,  Murchison,  in  1854,  in  his  "Siluria," 
wrote  as  follows : 

"When,  on  the  contrary,  we  follow  the  same  deposits  from  North  and  South 
Wales  to  the  exemplar  tracts  of  Herefordshire  and  Shropshire,  where  the  Upper 

*  For  further  renriArkB  see  p.  291. 

t  Bulletin  no.  87. 

J  See  (ieikie'n  Text-book  of  Geology,  .Id  ed.,  1893,  p.  737. 

I  Geikie,  p.  737. 
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Silurian  rocks  were  first  claBsified  and  described,  we  find  them  diveraified  by  in- 
terpolated courses  of  limestone ;  much  calcareous  matter  being  also  disseminated, 
both  in  no<lule8  and  in  flagstones. 

"  With  additions  like  these  to  the  richness  and  variety  of  the  subsoil,  which  are 
so  welcome  to  the  proprietor  and  fiirmer,  the  ^ologist  usually  discovers  a  much 
greater  abundance  of  fossil  animal  remains  than  in  the  same  strata  of  the  sterile 
western  tracts.  By  observing  the  order  of  superposition,  and  by  tracing  the  di- 
visionary limestones,  he  reads  off  the  order  of  the  strata,  and  chronicles  with  pre- 
cision the  succession  of  their  respective  fossils. 

*'  In  this  way  the  Upper  Silurian  rocks  are  seen  to  consist,  as  a  whole,  of  the 
two  formations  to  which  I  assigned  the  names  of  Wenlock  and  Ludlow,  each  of 
these  being  subdivided  in  the  manner  expressed  in  this  woodcut."*^ 

Murchison  then  describes  the  various  horizons,  and  names  the  diag- 
nostic fossils  for  the  Upper  Silurian.  Regarding  the  highest  beds  of  the 
Ludlow,  he  states  that — 

*'  The  upper  portion  of  the  Ludlow  formation,  or  capping  of  the  bone  bed  is  com- 
posed of  liuht  colored,  thin  bedded,  slightly  micaceous  sandstones,  in  which  quar- 
ries are  opened  out  near  Downton  castle  on  the  Teme.f  The  uppermost  layers  of 
the  whole  system,  and  which  form  a  transition  into  the  Old  Red  sandstone,  con- 
sist of  tilestones  and  sandstones,  occasionally  reddish,  in  which,  besides  other 
fossils  found  in  the  Ludlow  rock,  the  Lingula  cornea,  with  crustaceans  [Lepto- 
chelep],  and  defenses  of  fishes,  often  occur. 

''  Being  compelled  in  my  researches  to  draw  a  line  of  demarkation  between  the 
upper  part  of  the  Ludlow  formation  and  the  bottom  of  the  overlying  Old  Hed  sand- 
stone, I  formerly  included  the  tilestones  in  the  latter ;  imrticularly  as  in  mostpartg 
of  the  region  they  decompose  into  a  red  soil,  and  thus  they  afiford  a  clear  physical 
line  of  demarkation  between  them  and  the  inferior  rocks,  which  facilitated  the 
construction  of  the  geological  map. 

**Even  then,  however,  the  fossils  which  were  figured  as  characteristic  of  such 
tilestones  exhibited  little  else,  as  I  showed,  than  species  common  to  the  Ludlow 
rock  itself.  This  zoological  fact,  and  subsequent  researches  in  other  parts  of  Eng- 
land, above  all  those  of  Professor  Sedgwick  in  Westmoreland,  where  the  Upper 
Ludlow  strata  are  much  developed,  have,  for  eleven  years,  led  me  to  classify  these 
tileftones  with  the  Silurian  rocks,  of  which  they  form  the  natural  summit  [The 
fossils  are  listed  and  figured  on  plate  xxxiv.]  All  of  these  are  the  most  common 
fossils  of  the  Upper  Ludlow  rock  ;  although  a  few  of  them  descend  as  low  as  the 
Caradoc  sandstone."  t 

With  the  exception  of  the  fishes,  the  fauna  included  in  these  tilestones, 
and  listed  by  Murchison,  is  in  harmony  with  the  American  Upper  Silu- 
rian.    It  does  not  suggest  anything  higher  than  the  Niagara  group.    On 

*Siluria(pp.  101-102).    The  Iegen«l  to  this  woodcut  forms  the  first  column  of  the  correlatioD 
table  beyond. 
fThe  Downton  Castle  intone,  Silurian  83'stem.  p.  197. 
J  Ibid.,  pp.  1:J8,  139. 
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this  point,  Kayser,  who  has  given  much  attention  to  the  stratigraphy 
and  paleontology  of  the  Lower  Devonic,  writes  as  follows :  * 

"  Paleontolofrically  the  Ludlow  rocks,  on  the  whole,  are  commonly  very  closely 
related  to  the  Wenlock  ;  most  of  the  moUusks,  many  of  the  trilobites  and  other 
foflfiile  are  common  to  the  two  formations,  and  only  a  few  forms,  such  as  CardioUt 
inUmipta  and  FerUamerus  Knighti^  are,  if  not  entirely  limited  to  the  upper  beds,  at 
least  chiefly  found  in  them.  A  special  peculiarity  of  the  Ludlow  is  the  appear- 
ance, even  in  the  lowest  beds,  of  numerous  Eurypterids  (especially  Eurypterus  aud 
Pterygoius—fonBB  which  become  very  abundant  in  the  Old  Bed  sandstone)— and 
the  peculiar  Cephaspidse  (Cephalaapis,  JScaphaspiSy  IHenupiB^  etcetera),  the  oldest  of 
British  fishes.'' 

The  Upper  Silurian  of  England,  as  given  by  Geikie  in  1893,  is  prac- 
tically that  of  Murchison  in  1854,  with  the  exception  of  the  Lower  and 
Upper  Llandovery  and  Tarannon  shales.  These  had  been  referred  by 
the  former  to  his  Lower  Silurian,  but  by  the  latter  are  regarded  as  the 
base  of  the  Upper  Silurian.  The  upper  limits  of  the  Upper  Silurian  are 
defined  by  Geikie  as  follows  : 

"Above  the  Upper  Ludlow  shales  and  mudstones  lies  a  group  of  fine  yellow,  red, 
and  gray  micaceous  sandstones  from  80  to  100  feet  thick,  which  have  long  been 
qnarried  at  Downtou  castle,  Herefordshire.  At  Ledbury  these  sandstones  are  sur- 
mounted by  a  group  of  red,  purple,  and  gray  marls,  shales,  and  thin  sandstones, 
having  a  united  thickness  of  nearly  300  feet.  Originally  the  whole  of  these  flaggy 
upper  parts  of  the  Ludlow  group  were  called  '  tilestones '  by  Murchison,  and,  being 
often  red  in  color,  were  included  by  him  as  the  base  of  the  Old  Red  Sandstone,  into 
which  they  gradually  and  conformably  ascend.  They  point  to  a  gradual  change 
of  physical  conditions,  which  took  place  at  the  close  of  the  Silurian  jieriod  in  the 
west  of  England  and  brought  in  the  peculiar  deposits  of  the  Old  Red  Sandstone. 
There  is  every  reason  to  believe  that  for  a  long  time  the  marine  sedimentation  of 
Upper  Silurian  type  continued  to  prevail  in  some  areas,  while  the  probably  lacus- 
trine type  of  the  Old  Red  Sandstone  had  already  been  established  in  others,  and 
that  by  the  breaking  down  or  submergence  of  the  barriers  between  these  different 
areas,  marine  and  lacustrine  conditions  alternated  in  the  same  region.  The  tile- 
stones  are  the  records  of  this  curious  transitional  time.    .    .    . 

"The  evidence  from  fossils  is  equally  explicit.  Up  to  the  top  of  the  Ludlow 
rocks,  the  abundant  Silurian  liauna  continues  in  hardly  diminished  numbers.  But 
as  soon  as  the  red  strata  begin  the  organic  remains  rapidly  die  out,  until  at  last 
only  the  fish  and  the  large  eurypterid  crustaceans  continue  to  occur."  t 

DOWNTONIAN 

In  a  very  recent  detailed  work,  '*  Silurian  Rocks  of  Britain,**  Messrs 
B.  N.  Peach  and  John  Home  J  write  of  the  uppermost  Silurian  rocks  of 
Great  Britain  as  follows : 

«  Text-book  of  €k>rop.  Ooology,  1893,  p.  66. 

t  Geikie,  pp.  760-762. 

X  Memoirs  Geol.  Survey  of  United  Kingdom,  18M,  pp.  67-69,  80,  668. 
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"  Downtoniau  lias  hitherto  been  regarded  as  of  Lower  Old  Red  Sandstone  aj^e, 
owing  to  the  prevalence  of  red  and  yellow  sandstones  and  shales  which  are  the 
prominent  feature  of  that  formation.  The  recent  discovery  by  the  Geological  Sur- 
vey, in  shales  and  mudstones  intercalated  in  these  sandstones,  of  a  marine  fauna 
which  in  some  respects  is  identical  with  that  of  the  underlying  Ludlow  Rocks  has 
led  to  a  revision  of  the  classification  hitherto  adopted.  These  passage  beds  are  now 
viewed  as  forming  the  highest  subdivision  of  the  Upper  Silurian  rocks." 

The  following  is  a  tabulation  of  the  Downtonian,  in  descending  order, 
with  ail  enumeration  of  the  essential  fossils.  The  thickness  of  the  series 
is  from  700-2,700  feet. 

4.  Chocolate-colored  sandstones. 

3.  Conglomerate  with  quartzite  pebbles  derived  from  the  Highlands. 

2.  Green  and  red  mudstones  with  bands  of  gray  wacke  and  brown  flaggy  carbona- 
ceous shales  with  fishes  and  eurypterids.  Plants:  Pachytheca,  Parka.  Ani- 
mals: Beyrichia,  Ctratiocaris,  Eurypterus^  Pterygoius,  Slimonia,  StyUniurus, 
Glauconome,  Spirorbis.    Fishes :  TheioduB  and  four  other  restricted  genera. 

1.  Red  and  yellow  sandstones  and  mudstones. 

The  fossils  mentioned  above  are  Siluric  in  age  and  remind  rather  of 
the  Tentaculite  and  Waterlime  than  of  the  Lower  Helderberg.  Messrs 
Peach  and  Home  add  : 

"  In  view  of  the  paleontological  and  to  some  extent  also  of  the  physical  evidence 
regarding  the  passage-beds  that  overlie  the  Ludlow  rocks,  there  seems  ground  for 
maintaining  that  they  have  greater  affinities  with  the  Silurian  system  than  with 
the  Old  Red  Sandstone.  They  may  be  looked  upon  as  stratigraphical  equivalents 
of  the  Tilestones,  Downton  sandstones,  and  Ledbury  shales,  which  in  Hereford- 
shire, overlie  the  Upper  Ludlow  rocks,  and  have  been  classified  as  forming  the 
highest  subdivision  of  the  Upper  Silurian  rocks."* 

AMERICAN  EQUlVALEyTS 

In  North  America  the  Siluric  faunas  are  also  abundant  in  species,  and, 
with  a  gradual  change  toward  higher  types,  continue  from  the  Anticosti 
formation  through  the  Guelph,  when  red  shales,  salt  and  gypsum  bear- 
ing, begin  and  bear  witness  to  an  almost  total  extermination  of  animal 
existence  throughout  the  Onondaga  (=  Cay  ugan)  formation.  Here,  as  in 
England,  eurypterid  crustaceans  are  the  prevailing  fossils,  but  in  America 
fishes  are  generally  absent. 

In  eastern  New  York,  above  the  *'  Waterlime  "  a  small  but  normal 
marine  fauna  again  makes  its  appearance  in  the  Tentaculite  (s=  Manlius) 
limestone.     It  consists  of  26  species,  and  4  of  these,  are  known  to  occur 


*  Silurian  Rocks  of  Great  Britain,  p.  5G8. 


AMERICAN   EQUIVALENTS  249 

in  some  higher  member  of  the  Lower  Helderberg  *  These  figures  show 
that  the  Tentaculite  limestone  is  transitional  to  the  Lower  Helderberg, 
yet  its  fauna  does  not  forcibly  bring  to  mind  that  of  the  Lower  Pen- 
tamerus  immediately  above. 

Fauna  of  tlie  Tentaculite  Limestone  of  ICew  York 

t  Hcmocrinus  scoparius  Hall. 

Afonotrypa  {?)  spinvlosa  (Hall  and  SimpBon). 
t  Stropheodonia  varisiriata  (Conrad). 
X  Orthothetes  hydraulicus  (Whitfield).     27859.| 

Spinfer  vanuxemi  Hall.    4692,  9112,  26043.  10549. 

Tellinomya  nucleiformis  Hall. 

Goniophora  dubia  (Hall).     4693. 

J  llionia  finuaia  ( H all ) . 

Anculopecten  (?)  obscura  (Hall). 

Holopea  subconica  -Hall. 

Holopea  aniiqua  (Vanuxem).     10625. 

Holopea  pervetusta  (Conrad). 
?t Holopea  (?)  elongata  Hall. 

Murchisonia  extenxiata  Hall. 

Murchisonia  minuta  Hall. 
?  t  Euomphalus  ginuaius  Hall. 

Ttntaculiles  gyracanlhus  (Eaton).     5001,  10549,  17514,  9120. 
t  SpirorbU  laxus  Hall. 

Oncoceras  ovoides  Hall. 

CyHoceraa  subrectum  Hall.     10628,  4682. 

LeperdUia  alta  (Conrad).     4699,  9115,  17515,  2.')853. 

Leperdilia  parvula  Hall.     1055 1 ,  1 0552. 

Beyrichia  parasiiica  (Hall). 

Btyrichia  clarkii  Jones. 

Beyrichia  trmUcaia  Hall, 
t  Klcedenia  notata  (Hall).     10551.  10552. 

American  paleontologists  acquainted  with  this  fauna  and  that  of  the 
typical  Lower  Helderberg  will  at  once  see  that  it  is  not  the  Tentaculite 
fauna  which  gave  the  Lower  Helderberg  sea  its  multitudinous  forms 

♦  In  Ohio  a  similar  fauna  is  present  in  the  •*  Hydraulic  limestone  of  the  Lower  Helderberg  "  (Geol . 

Survey  of  Ohio,  vol.  vii,  ISKl,  pp.  4UM18).  The  following  are  the  species  ; 

Orthothet€9  hydraulicus  ( W h itfield ).  Pentamerua  pewvis  Whitfield. 

Spirifer  vunuzevii  Hall.  *  Ptcrinea  aviculoiclea  Hall. 

^  Meristelln  laevis  (Vanuxem).  Ooniophora  dubia  Hall. 

♦  MerUUUa  bellq  Hall.  Eunjptcrus  eriemis  Whitfield. 
Nuekoepira  rotundata  Whitfield.  LeperdUia  alta  Conrad. 

*  Rhjfitehospira  formosa  Hall.  Leperditia  anf^ulifera  Whitfield. 
Mhynehonella  hyfirauiiea  Whitfield. 

.    t  Also  in  higher  Lower  Helderberg. 
J  Also  in  the  Onondaga  (=  Cayugan). 
I  KcKistor  number  of  the  specimens  in  the  U.  S.  National  Museum. 

XX XVI I— Bull.  Gkol.  Soc.  Ah.,  Vol.  11,  1899 
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of  life.  It  was  rather  that  of  the  Niagara  epoch,  which  continued  to 
h've  and  undergo  modification  in  some  unknown  area  while  the  Salina 
shales  and  Waterlimes  were  deposited.  This  fauna,  transitional  between 
the  Niagara  and  the  Lower  Helderberg,  may  be  that  of  the  (Juelph, 
Meniscus,  and  the  higher  Siluric  dolomites  of  Ontario  and  the  central 
United  States.  In  any  event,  the  Tentaculite  fauna  has  a  decided  Siluric 
facies.  It  seems  that  the  most  natural  line  (faunally)  for  the  separation 
of  the  Siluric  and  the  Lower  Helderberg  lies  at  the  top  of  the  Tentaculite 
limestone,  and  that  the  fauna  of  the  Lower  Pentamerus  is  the  earliest 
stage  in  the  Devonic  cycle  of  marine  life. 

Submergence  and  transgression  begins  with  the  Tentaculite,  but  in 
the  Lower  Helderberg  sea  are  more  decided  than  during  any  period  of 
the  Siluric.  In  eastern  Pennsylvania  the  Lower  Helderberg  reposes  on 
Clinton  strata ;  in  southern  Illinois  and  adjoining  Missouri,  on  Ordovicic 
strata,  and  in  Gasp6  on  the  Quebec.  This  evidence,  therefore,  shows  a 
marked  transgression  over  eroded  land  areas  in  widely  separated  local- 
ities. The  Oriskany  sea  continues  the  Lower  Helderberg  submergence 
and  transgression,  since  in  New  York,  from  east  to  west,  it  gradually 
comes  to  rest  on  the  various  members  of  the  Lower  Helderberg  and 
finally  upon  the  Waterlime  (=  Rondout  limestone). 

In  1882,  Hall  *  also  pointed  out  that  **  while  the  trend  [line  of  greatest 
deposition]  of  the  limestones  of  the  Niagara  and  the  two  succeeding 
calcareous  groups  has  a  general  east  and  west  direction,  the  Lower  Hel- 
derberg has  a  northeast  and  southwest  trend." 

It  may  also  be  well  to  state  here  that  the  Lower  Helderberg  is  nearly 
everywhere  followed  by  some  member  of  the  Oriskany.  This  is  true 
for  New  York  as  well  as  practically  throughout  the  length  of  the  Appa- 
lachians, Illinois,  Tennessee,  and  Gasp^.  The  Oriskany  is  absent  in 
Indian  Territory,  and  is  present  without  the  Ix)wer  Helderberg  in  the 
region  of  Cayuga,  Ontario. 

Mr  Bailey  Willis,  of  the  United  States  Geological  Survey,  who  has 
made  a  special  study  of  the  middle  and  southern  Appalachian  moun- 
tains, will  publish  the  following  in  the  third  volume  of  the  Geological 
Survey  of  Maryland : 

'*  The  student  of  physical  changes  finds  no  important  episode  of  mountoin 
growth  or  continental  development  to  define  the  close  of  the  Silurian  period  and 
the  beginning  of  the  Devonian.  The  record  describes  A  ppalachia  as  a  monotonous 
lowland,  now  rising  a  little  higher,  now  not  so  high,  above  the  fluctuating  coast 
of  marsh  and  tideflat.  .  .  .  Before  the  Oriskany  in  the  Lower  Helderl)erg 
eiK)ch  it  had  assumed  these  aspects  which  are  considered  to  characterize  the 
Devonian  period." 

•Contribution  to  Geol.  Hist.  Amer.  Cout.    Presidential  addresft,  A.  A.  A.  S.,  Montre»I,  1807.    Re- 
published, Salom,  1882,  pp.  48,  49,  68. 
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From  liower  Helderberg  time  deposition  is  again  continuous,  and  the 
chain  of  life  in  the  American  Appalachian  and  Mississippian  seas  is 
almost  unbroken  to  the  close  of  the  Paleozoic.  There  is  probably  no 
land  area  preserving  so  conthiuous  and  undisturbed  a  sequence  of  Paleo- 
zoic deposits  as  that  of  eastern  North  America.  From  Lower  Cambric 
time  to  the  close  of  the  Permic,  the  only  marked  hiatus  exists  between 
the  Ordovicic  and  Siluric,  and  this  may  have  been  caused  by  the  eleva- 
tion of  the  Taconic  mountains.  However,  beyond  this  area,  in  the  gulf 
of  Saint  Lawrence,  even  this  gap  will  probably  be  largely  bridged  over 
by  the  fossils  preserved  in  the  Ordovicic  and  Siluric  strata  of  Anticosti 
island.  These,  as  yet,  have  not  been  sufficiently  studied  ;  but  it  is  clear 
from  the  work  of  Billings  that  the  Ordovicic  and  Siluric  fossils  of 
Anticosti  have  more  in  common  than  these  systems  have  elsewhere  in 
America. 

The  table  on  ])age  251  shows  the  equivalents  of  the  English  Ui)per 
Silurian  as  understood  by  Murchison  in  1854,  and  by  Geikie  and  Kayser 
in  1893,  with  the  American  homotaxial  equivalents.* 

CONCLUSIONS 

With  the  foregoing  presentation,  it  is  clear  that  the  upper  faunal  limits 
of  the  original  Upper  Silurian  have  been  and  still  are  vague,  because  the 
normal  marine  fauna  gradually  succumbed  to  local  conditions  associated 
with  the  production  of  red  sediments. 

**A8  a  aeries  of  rocks  the  upper  limit  of  the  typical  Silurian  section  was  clearly 
defined,  and  time  has  shown  that  tliis  limit  was  not  only  one  of  a  geological  series, 
but  the  dead-line  of  a  large  number  of  organic  ty[)es.*'  f 

LowEH  DkvonicJ 

DEVONIAN  OF  SEDGWICK  AND  MURCKISON 

The  following  resume  by  Murchison  §  gives  a  clear  history  of  the 
progress  regarding  the  Devonian  rocks  in  the  type  area: 

** Devonian  rocks  {the  equivalents  of  the  Old  Red)  in  Devon  and  Cornwall. — The  crys- 
talline and  slaty  condition  of  most  of  the  stratified  deposits  in  Devon  and  Cornwall, 
and  their  association  with  granitic  and  eruptive  rocks  and  much  metalliferous  niat- 


♦The  divisioufl  and  terminology  here  adopted  are  those  of  Clarke  and  Schuchert.  Scioncf, 
vol.  X,  December  15,  1899,  pp.  874-878. 

t  Clurke :  Review  of  "Die  P'aunu  dcs  Uuteren  Devon  am  Ostabhange  des  Ural."  Am.  CicoL, 
vol.  xiv,  1894,  p.  121. 

I  The  results  of  tliiw  section  are  arranged  in  tabuliir  form  beyond. 

gSiluria,  London,  IB.')!,  pj).  207-258.  Koran  encyclopedic  paper  on  the  history  of  the  Iievoumn 
to  1867,  Bee  Quart.  Jour.  Geol.  Soc.  London,  vol.  xxlii,  p.  508,  by  Rol>^rt  Elheridge  ;  also  "Tl»e 
C»VJoloj5y  of  England  and  Wales,"  by  llorace  B,  Woodward,  London,  1887. 
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ter,  might  well  induce  tlie  earlier  |ueologist8  to  class  thein  as  among  the  very  oldest 
dei>08it8  of  the  British  Isles.  In  truth,  the  southwestern  extremity  of  England 
presented  apparently  no  regular  sedimentary  succession,  by  which  its  gray,  slaty 
acliists,  marble  limestones,  and  silicious  sandstones  could  be  connected  with  any 
one  of  the  British  deposits  the  age  of  which  was  well  ascertained.  The  establish- 
ment of  the  Silurian  system,  and  the  proofs  it  afforded  of  the  entire  separation  of 
its  fossils  from  those  of  the  Carboniferous  era,  was  the  first  step  which  led  to  a 
right  understanding  of  the  age  of  these  deposits.  The  next  was  the  proof  obtained 
by  Professor  Sedgwick  and  myself,  that  the  *  culm  measures  *  of  Devon  were  truly 
of  the  age  of  the  Carboniferous  limestone,  and  that  they  graduated  downwards 
into  some  of  the  slaty  rocks  of  this  region.  Hence,  in  the  sequel  it  became  mani- 
fest, that  the  rocks,  now  under  consideration,  were  the  immediate  and  natural  pre- 
cursors of  the  coal  era,  and  stood  therefore  in  the  place  of  the  Old  Red  Sandstone 
of  other  regions.  The  highly  important  deduction,  however,  of  Mr  Lonsdale,  that 
the  fossils  of  the  South  Devon  limestones,  as  collected  by  Austen  and  others,  really 
exhibited  a  character  intermediate  between  those  of  the  Silurian  system  and  of 
the  Carboniferous  limestone,  was  the  most  cogent  reason  which  induced  Professor 
Siulgwick  and  myself  (after  identifying  North  and  South  Devon)  to  propose  the 
term  Devonian.*  The  inference  that  the  stratified  rocks  of  Devonshire  and  Corn- 
wall, though  of  such  varied  composition,  are  really  the  equivalents  of  the  Old  Bed 
Sandstone  in  the  regions  alluded  to  has  since,  indeed,  been  amply  supported  and 
extended  by  the  researches  of  Sir  Henry  De  la  Beche,  Professor  Phillips,  and  many 
other  good  geologists. f 

**The  most  instructive  of  the  sections  published  by  my  colleague  and  myself  to 
illustrate  the  general  structure  of  Devonshire,  is  that  of  which  the  diagram  in  page 
256  is  a  compiled  reduction,  [ci.  Lowest  Devonian  beds  of  schists  and  red  mica- 
ceous sandstone  of  North  Foreland ;  6,  red  sandstone  and  conglomerate  of  Linton ; 
c,  gray  schists  and  Stringocephalus  limestone  of  Ilfracombe,  etcetera.  Beds  a  and 
h  are  compared  with  the  lower  shelly  gray  wacke  of  the  Rhine  (Coblenz,  etcetera).] 
It  is  a  section  across  North  Devon  from  the  Foreland  on  the  British  channel,  to 
the  granitic  ridge  of  Dartmoor  on  the  south,  and  exhibits  a  copious  succession  of 
tlie  Devonian  rocks  between  Linton  and  Ilfracombe  on  the  north,  and  Barnstiible 
on  the  south,  the  whole  dipping  under  strata  of  the  Carboniferous  age,  on  the  op- 
]Hmte  side  of  a  wide  trough  of  which,  or  on  the  north  flank  of  Dartmoor,  the  Upper 
Devonian  strata  again  rise  to  the  surface. 

**  North  Devon  has  thus  been  selected  as  affording,  on  the  whole,  the  best  type 
of  succession  of  the  rocks  to  which  the  name  Devonian  was  applied;  beaiuse  it 
offers  a  clear  ascending  section  through  several  thousand  feet  of  varied  strata,  until 
we  reach  other  overlying  rocks,  which  are  undeniably  the  bottom  beds  of  the  true 
Carl>oniferous  group." 

Murchison  and  many  later  geologists,  includinf);  Geikie,  hold  that  the 
Old  Red  sandstone  and  the  Devonian  of  North  and  South  Devon  are 


*S«'e  Reports  of  Brit.  A8*<oc.  for  the  Advancement  of  Scionee,  1836,  Hrif*tol  meeting.  Sedgwick 
lud  Murchison,  Trans.  Geol.  Sue.  London,  vol.  v,  p.  (333,  and  Phil.  Mag.,  vol.  xi,  p.  3n.  Lonsdale, 
Trtiii!*.  (ieoL  Soc.  London,  vol.  v,  p.  721. 

tSiro  R«'port  on  the  Geology  of  Cornwall,  Devon,  and  W.  Somerset,  by  Do  la  Beche,  1U39,  and  the 
PuUeozoic  fossils  of  the  same  region,  by  Professor  Phillips,  1841. 
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equivalents.  As  a  name,  therefore,  Old  I^d  sandstone  has  priority  over 
that  of  Devonian,  but  since  in  the  latter  area  marine  fossils  occur,  en- 
abling similar  horizons  to  be  identified  elsewhere,  this  systemic  name 
has  supplanted  that  of  the  Old  Red  sandstone,  and  is  now  generally 
recognized  the  world  over.  In  regard  to  the  latter  formation,  Geikie* 
writes  as  follows : 

"  In  Walea  and  the  adjoining  counties  of  England,  where  the  typical  develoj)- 
uient  of  the  Silurian  system  was  worked  out  by  Murchiaon,  the  abundant  Silurian 
marine  fauna  disappears  in  the  red  rocks  that  overlie  the  Ludlow  group.  From 
that  horizon  upwards  in  the  geological  series,  we  have  to  pass  through  some  10,000 
feet  or  more  of  barren  red  sandstones  and  marls,  until  we  again  encounter  a  copious 
marine  fauna  in  tlie  Carboniferous  limestone.  It  is  evident  that  between  the  dis- 
appearance of  the  Silurian  and  the  arrival  of  the  Carboniferous  fauna,  very  great 
geographical  changes  occurred  over  the  site  of  Wales  and  the  west  of  England.  For 
a  prolonged  period,  the  sea  must  have  been  excluded,  or  at  least  must  have  l^een 
rendered  unfit  for  the  existence  and  development  of  marine  life,  over  the  area  in 
question.  The  striking  contrast  in  general  facies  between  the  organisms  in  the 
Silurian  and  tliose  in  the  Carboniferous  system,  i)rove8  how  long  the  interval  be- 
tween them  must  have  been. 

''At  present  the  general  belief  among  geologists  is  that,  while  in  the  west  and 
north  of  Europe  the  Silurian  sea- bed  was  upraised  into  land  in  such  a  way  as  to 
inclose  large  inland  basins,  in  the  center  and  southwest  the  geographical  changes 
did  not  suffice  to  exclude  the  sea,  which  continued  to  cover  that  region  more  or 
less  completely.  In  the  isolated  basins  of  the  went  and  north,  a  peculiar  type  of 
deposits,  termed  the  Old  Red  Sandstone,  is  believed  to  have  accumulated,  while  in 
the  shallow  seas  to  the  soutli  and  east,  a  series  of  marine  sediments  and  limestones 
was  formed,  to  which  the  name  of  Devonian  has  been  given.  It  is  thus  supposed 
tliat  the  Old  Red  Sandstone  and  Devonian  rocks  represent  difierent  geographical 
areas,  witli  different  phases  of  sedimentation  and  of  life,  during  tlie  long  lapse  uf 
time  hetween  the  Silurian  and  Carboniferous  periods.     .     .     . 

**  That  the  Old  Red  Sandstone  of  Britain  does  represent  the  prolonged  interval 
between  Silurian  and  Carboniferous  time  am  be  demonstrated  by  innumerable  .sec- 
tions, where  the  lowest  strata  of  the  system  are  found  graduating  downward  into 
the  top  of  the  Ludlow  group,  and  where  its  highest  beds  are  seen  to  pass  up  into 
the  base  of  tlie  Carboniferous  system.  .  .  .  It  is  quite  possible,  therefore,  that 
the  lower  portions  of  what  has  been  termed  the  Devonian  series  may,  in  certain 
regions,  to  some  extent  represent  what  are  elsewhere  recognized  as  undoubtedly 
Ludlow  or  even  perhaps  Wenlock  rocks.f 

**  Yet  even  at  the  best  the  Devonian  rocks  of  this  classical  region,  though  they 
served  as  the  tyi)e  formations  of  the  same  geological  age  elsewhere,  are  much  less 
clearly  and  fully  developed  than  those  of  the  Rhine  country  and  other  parts  of 
the  continent.  It  is  rather  from  the  sections  and  fossil  collections  of  centnil 
Europe  than  from  those  of  England  that  the  stratigraphy  and  paleontology  of  the 
Devonian  system  are  to  be  determined.*' 

♦Text-book  of  Gt3ology,  :Jd  od.,  IBUU,  pp.  777-778,  783. 
See  ante,  Poach  and  Horn©. 


l!'RECH*S  SCHEME  OF   RELATIONSHIPS  255 

Freeh  *  gives  the  following  scheme  showing  the  relation  of  the  non- 
marine  Old  Red  sandstone  to  the  normal  marine  Devonian  : 

** Non-marine  derehpmmt.  Marine  devclojtmeut. 

TT..,v«..  c\\A  o«,i  o««,io*^«^  J  Ix)\ver  Carboniferous,  in  part. 

Upi>er  Old  Red  sandstone  =  |  y^^^^^  Devonian. 

Land  condition  and  transgression  =  Middle  Devonian. 
[There  is  no  middle  Old  Red  sandstone.    The  interval  is  indicated  by  a  great 
discordance.] 

I.>wer  Old  Red  sandstone  =  {  ^^-J  ^-^Z%  part." 

These  citations  make  it  clear  that  in  Wales  and  England  a  series  of 
red  marls  and  sandstones  set  in  near  the  close  of  the  Siluric,  and  con- 
tinued without  change  through  the  Devonic  into  the  Lower  Carbonic 
period.  During  the  deposition  of  10,000  feet  of  Old  Red  sandstone 
strata  no  normal  marine  fauna  occurs,  and  the  best  criterion  for  time 
sequence  is  therefore  absent. 

In  Devon  and  Cornwall  there  is  another  series  of  Devonian  rocks,  and 
as  these  bear  normal  marine  faunas  they  represent  the  type  area  for  the 
Devonic  system.  However,  it  is  only  in  recent  years  that  the  small 
English  Lower  Devonic  faunas  have  become  somewhat  known.  For 
this  reason  it  was  long  ago  recognized  that  the  Devonic  system  could  be 
studied  to  better  advantage  in  the  Rhineland. 

"  The  Devonian  system  was  founded  upon  one  of  the  most  unfavorable  and  in- 
complete developments  of  that  series  of  rocks  and  faunaa  known  in  any  part  of 
the  globe;  a  more  precise  scope  was  given  to  it  by  the  work  of  its  founders, 
Murehison  and  Sedgwick,  in  the  Rhineland,  but  even  there  no  determination  of 
\\»  lower  limit  was  made.  This  admitted  hiatus  in  tlie  typical  succession  of  De- 
vonian to  Silurian  is  the  parent  of  the  prolific  discussions  over  *  post-Silurian  *  and 
'  Hercynian  *  faunas."  t 

Of  the  Devonic  of  Rhineland,  Kayser,!  one  of  the  leading  students  of 
the  German  Devonic,  writes  as  follows : 

Murehison  and  Sedgwick  **  first  broke  ground  on  the  continent  in  the  Rhenish 
Sohiefergebirge  and  their  westerly  extension,  the  Ardennes,  the  largest  and  best 
developed  Devonian  area  of  western  Europe,  which  even  up  to  the  present  day 
continues  to  add  more  to  our  knowledge  of  the  Devonian  than  any  other  [European] 
area. 

"The  famous  essay  of  the  two  English  observers  devoted  to  the  Rhenish  moun- 
tainsappeared  in  1842,J  and  its  value  was  enhanced  by  the  paleontolo^ioal  appendix 

*Lethffiia  geoKnostica,  1  Theil,  2  Rand,  1897,  p.  118. 

tHarke,  in  a  review  of  the  work  cited,  American  (ieologist,  vol.  xiv,  1804,  p.  119. 
[Text-book  of  Comparative  Geology,  by  E.  KayHor,  translatcMl  by  Philip  Lake,  London,  1K93, 
pp.  8^91. 
I  Trans.  Geol  Soc.,  2d  aer.,  vol.  vl,  p.  222. 
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contributed  by  <rArchiac  and  de  Verneiiil.  In  tbie  classical  work,  a  part  of  the 
Taunus  and  Hunsrilck  was  considerecl  as  Cambrian ;  the  chief  mass  of  the  iSchie- 
fergebirge  as  Silurian ;  a  smaller  part,  including  the  Eifel  Limestone  formation,  ju? 
Devonian ;  .  .  .  but  the  classification  of  the  older  beds  has  needed  consider- 
able alteration.  The  merit  of  undertaking  this  necessary  revision  is  due  to  the 
*Rheinischen  Uebergangs-gebirges '  of  Ferd.  Roemer,  appearing  in  1844,  in  which 
the  author  shows  that  the  chief  mass  of  the  Schiefergebirge  must,  according  to  its 
fossils,  be  correlated  not  with  the  English  Silurian,  but  with  the  Devonian. 

**  The  extent  of  the  Devonian  in  the  Rhenish  Schiefergebirge,  the  accuracy  of 
the  observations  made  upon  it,  the  completeness  and  variety  of  the  series,  and  its 
richness  in  fossils,"  make  it  the  most  important  area  for  this  system.  *'  This  moun- 
tain region,  which  in  general  has  the  form  of  a  plateau,  stretches  from  the  Etlor 
and  Dieuiel  to  beyond  the  Meuse,*'  and  consists  of  "strongly  compressed  be<lp," 
with  a  ''system  of  reversed  folds.  .  .  .  All  these  folds  consist  of  Devonian 
rocks,  altogether  probably  at  least  20,000  feet  thick. 

**  Within  the  Devonian  rocks  themselves  no  unconformity  has  yet  been  foun<l, 
and  the  whole  succession  seems  to  have  been  deposited  without  any  important 
check,  and  passes  up  without  break  into  the  overlying  Culm." 

The  errors  made  by  Murchison  and  Sedgwick  in  the  Rhenish  area 
were  admitted  by  the  former  after  seeing  Roemer  s  work  above  men- 
tioned, and  in  his  famous  book  "  Siluria  "  (1854)  he  writes  as  follows : 

**  The  clear  general  views  of  that  Nestor  of  geologists,  D'Omalius  d'Halloy,  the 
remarkable  work  and  map  of  M  Dumont,  as  well  as  the  previous  labors  of  Prussian 
geologists,  including  the  maps  of  Leopold  von  Buch,  Hoffman,  von  Dechen,  and 
Oynhausen,  unquestionably  led  the  way  in  the  succession  of  efforts,  through  which 
our  present  knowledge  has  been  obtained.  After  the  publication  of  the  al)Ove 
works,  Profes.sor  Sedgwick  and  myself  endeavored  to  show  (1839)  that,  like  Devon- 
shire and  (>)rnwall,  the  Rhenish  provinces  contained  a  great  mass  of  those  strata, 
intermeiliate  l)etween  the  Silurian  and  Carboniferous  deposits,  which  we  had  calle<l 
Devonian ;  the  equivalent,  in  our  belief,  of  the  Old  Red  Sandstone  of  Scotland  and 
Herefordshire.  Our  contemporaries  have  admitted  that,  in  our  excursion  of  one 
long  summer  in  Germany,  we  succeeded  in  proving  the  existence  of  such  an  inter- 
mediate series  both  in  Prussia  and  Belgium,  and  also  in  showing  how,  on  the  ri^rtit 
bank  of  the  Rhine,  the  uppermost  *grauwacke*  was  divisible  into  Lower  Carbonif- 
erous and  Upper  Devonian  rocks.  Misled,  however,  by  an  erroneous  interpi-etation 
of  some  of  the  fossils  (for  at  that  time  the  Lower  Devonian  forms  had  been  little 
developed),  we  adopted  the  belief,  that  the  inferior  *  fos8iliferou8grauwacke,'orthat 
which  has  since  been  called  the  '  ^Spiriferen  Sandst^in '  of  the  Rhine,  was  an  equiv- 
alent of  the  Upper  Silurian.  I  have  been  convinced,  through  the  paleontological 
labors  of  Ferdinand  Roemer  and  the  brothers  Sandberger,  that  the  types  of  that 
lower  Rhenish  subdivision  are  distinct  from  the  Upper  iSilurian,  and  in  harmony 
with  the  lowest  Devonian  group  of  other  countries.  A  nd  for  some  years  1  have  In'on 
aware  that,  whilst  our  sections  representing  the  succession  of  the  mineral  masses 
were  correct,  the  interpretation  or  synonymy  to  be  attached  to  the  lower  division 
was  erroneous.     .     .     . 

"  It  is,  however,  satisfactory  to  have  ascertained  in  a  recent  visit  to  my  old  grounti, 
that  all  the  knowledge  acquired  in  the  fourteen  years  which  have  elapsed  since  oor 
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sarvey  was  made,  has  but  led  to  a  much  more  complete  identification  of  the  Rhenish 
provinces  with  Devonshire,  than  that  which  was  proposed  by  my  colleague  and 
myself.  In  short,  it  now  appears  that  not  some  only,  as  we  thought,  but  all  the 
paleozoic  strata  of  Devon  have  their  equivalents  on  the  banks  of  the  Rhine.  So, 
that,  starting  from  the  North  Foreland  of  the  British  channel,  and  ascending  into 
the  heart  of  the  culm  fields,  .  .  .  the  geologist  has  before  him  the  successive 
representatives  of  the  Rhenish  deposits. 

''Those  persons  who  may  refer  back  to  the  sixth  volume  of  the  Geological  Trans- 
actions of  London,  will,  therefore,  understand  that  all  the  Rhenish  ground  which 
ia  described  or  colored  in  the  map  and  sections  as  Upper  Silurian,  is  now  embodied 
in  the  Devonian  rocks;  whilst  to  their  admirable  description  of  the  fossils  MM 
d'Archiac  and  de  Vemeuil  have  but  to  add  the  one  plate  of  the  few  so-called  Silu- 
rian fossils,  to  their  thirteen  plates  of  tnie  Devonian  types,  and  all  the  general 
features  of  our  labors  will  be  in  harmony  with  subsequent  observations."  * 

LOWER  DEVONIC  OF  GERMANY  AND   THE  AMERICAN  EQUIVALENTS 

Views  ofwriiera  aa  to  its  extent j  character,  and  divisions. — Writing  of  the 
Ix)wer  Devonic  of  the  Rhine,  Kayser  says : 

''This  consists  of  at  least  10,000  feet  of  sandy  and  clayey  beds,  almost  entirely 
free  from  lime.  The  fossils  which  occur  in  it  are  almost  always  mere  stone-casts. 
.  .  .  They  are  generally  rare,  and  are  found  only  in  isolated  beds,  which  are 
often  separated  by  many  hundred  feet  of  practically  unfossiliferous  rock.  The 
fauna  consists  chiefly  of  Brachiopoda.  The  only  other  important  forms  are  La- 
inellibranchs,  Crinoids,  and  some  Trilobites  and  Gasteropods,  while  Cephalopods 
and  Corals  are  few  in  number.  Some  species  ...  go  through  the  whole,  or 
almost  the  whole,  series  of  beds,  whilst  others  have  a  more  restricted  range.  In 
general  the  constitution  of  the  fauna  points  to  a  shallow  sea,  and  the  ripple-marks 
frequently  met  with  at  all  horizons  also  speak  in  favor  of  this  view.''  t 

Freeh  J  writes  that  students  of  Khenish  geology  are  agreed  on  the 
following  divisions  of  the  Lower  Devonic  of  Germany,  which  have  for 
their  bases  four  species  of  prevalent  brachiopods : 

{c.  Zone  with  S.  iipeciosus  =  Red  ironstone. 
b.  Upper  Coblenzian. 
a,  Coblenz  quartzite. 

{b.  Lower  Coblenzian. 
a,  Porphyroid    and    Grau- 
wacke  of  Sendorf. 

9   '/^r,^  «r  c^-w/^.^*w,«».«,o        f  Siegen.         J  6.  Hunsriick  schiefer. 
2.  Zone  of  Spinfer  prxmiemu  . . .  |  Gr^uwacke.  \  a.  Taunus  quartzite. 

fGedinnian. 

1.  Zone  of  SpiHfer  mercun i  Sericitglimmer  schiefer. 

I  launus.         <^  Taunus  phyllite. 

*  Murchison*8  Siluria,  pp.  365,  366. 

fKayser's  Text-book,  1893,  p.  92. 

X  Lethcea  geognoHticn,  1  Theil,  2  Band,  1  Lief.,  Stuttgart,  1897. 

XXXVIII— Bum..  Geoi..  Soc.  Am.,  Vol.  11.  1899 
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The  following  German  Lower  Devonic  faunas  and  their  Anierican 
equivalents  are  based  on  Freeh's  "  Tjelhaa  geognosiica  "  (1897).  The  lists 
do  not  indicate  the  entire  faunas. 

1.  Gedinnian^  fauna  of  the  Imvest  Ijyioer  Devonic,  or  zone  of  Spirifer  ^nercnri 

Germany. 
OrlhU  vemeuili  (cf.  0.  elegantula), 

Spirifer  mercuri  GoBselet. 
Rerutgelssria  glrigiceps  Roemer  (this  is  no 
Rensselaeria,  probably  a  pentameroid). 
Grammyna  deornaia. 
2hitaculite»  irregtilaris  de  Koninck. 
Beyrichia  richten  de  Koninck. 
PrimUiajoneii  de  Koninck. 
HorruUonottis  riclUeri  de  Koninck. 


American. 

0.  (Dalmanella)  planiconvexa  or  qtuul- 

rans  Hall. 
S.  perlamellona  Hall. 


This  meager  fauna  occurs  near  the  base  of  the  Gedinnian,  and  there  is 
nothing  in  it  that  can  be  successfully  compared  with  American  Devonic 
horizons.  The  few  American  species  cited  are  of  Lower  Helderberg  age, 
and  while  the  German  Gedinnian  may  be  the  equivalent,  it  seems  best 
at  present  to  defer  a  positive  correlation. 

2.  Siegen,  fauna  of  t?ie  Siegen  grauwacke,  or  zone  of  Spirifer  primsevm 


Germany. 

Choneies  tarcimtlaitu, 
Orthis  personcUa  Krantz. 
Orthis  circviaris  Schnur. 
Stroplwmena  murchisoni  Verneuil. 
Strophomena  sedgwicki  Verneuil. 
Streptorhynchxis  gigas  McCoy. 


Cyrtina  lieteroclita  Defrance. 
Spirifer  prinuevus  Steininger. 

Spirifer  hytiericus  Schlotheini  (=  S,  mi- 

cropients  Goldfass). 
Spirifer  bishofi  Giebel. 


Aihyria  uruUUa  Defrance. 


RkynchoneUa  daleidensis  F.  Roemer. 


American. 
Choneten  melonica  Billings. 


Slropheodonta  magmvenira  Hall.  (Freeh 
compai^es  Hippariofiyx  proritnus  Van- 
uxem.) 

C.  roriraia  Hall,  C.  affinis  Billings. 

S,  murchisoni  Caste!  nau  or  S.  arrectng 
Hall. 


This  form  of  Spirifer,  with  the  fold  and 
sinus  somewhat  plicated,  does  not 
begin  in  America  before  the  Oris, 
kany. 

This  is  an  Athyris  of  which  A.  Jul- 
tonensis  of  the  Middle  Devonic  is  the 
best  known. 
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Germany. 

Rhpiclionelta  pengelliafui  Davidson. 
Ttcpidoleptw  rhenantis  Freeh. 
Rengsdieria  atingiceps  F.  Roemer  (not  a 
Reueselieria,  probably  a  pentameroid). 
Rmudsma  craMicoda  Koch. 
MegaUmierU  archiad. 
Palaeopinna  giganUa  Krantz. 
Namerous  pelecypoda. 
Platyceroids  rare. 
HotiuUonotui  orruitas  C.  Koch. 
Homalonotus  planus  Sandberj^r. 
Homalonottu  roemeri  de  Koninck. 
Homaloiiolus  <icule€Uus  C.  Koch. 
Plutcops  ferdiiiandi  Kayeer. 
Dalniania  [OdoniocJieile)  rlunana  Kayeer, 
Cryphxus  limbatwi  Schluter. 

Many  crinoids  and  etarfishes. 
TetUaculUes  grwidU. 


American. 
Camarotcechia  speciosa  (Hall). 


M,  ovcUis  Hall. 
RflabeUum  Hall. 
Pelecypoda  rare. 
Platyceroids  common. 

H.  major  Whitfield. 
H.  vantixemi  Hall. 

1\  criMata  Hall. 

D.  (O.)  pleuropiyx  (Green). 

American  species  of  Cryphseus  begin 

in  the  Middle  Devonic. 
Crinoids  rare ;  starfishes  none. 
TerUactdUea  acula  Hall. 


In  this  fauna  there  is  marked  evidence  for  purposes  of  correlation. 
Brachiopods  are  numerous  and  often  of  large  size,  a  degree  of  develop- 
ment also  attained  in  the  American  Oriskany.  The  principal  American 
species  of  this  horizon  and  their  equivalents  in  the  Siegen  grauwacke  are 
shown  as  follows : 


American. 

StrophtodofiUa  fnagniventra  Hall. 
CamaroUechia  speciosa  Hall. 
Cnftinaroslrata  Hall  and  C  aj^ni«  Billings. 
Spirifer  murchisoni  Castelnau. 
Spiri/er  arenosus  Conrad. 
MeganUris  ovalis  Hall. 
PnlxopitiwjkflaheUum  Hall. 
DfilmanUes  (OdorUocIieile)  pleuropiyx  Green. 
TeiUaculUes  elongatus  Hall. 


Siegen. 

Slreptorhynchus  glgas  McCoy. 

Jihyncfi07iella  pengelliana  Davidson. 

C.  heieroclUa  Defrance. 

S,  primscous  Steininger. 

A  poor  representative  in  *S.  bisfiofi  Giebel. 

M,  archiad. 

P.  gigarUea  Krantz. 

I),  (0.)  rhenana  Kayser. 

2*.  grandis. 


From  this  evidence  and  the  further  fact  that  zone  3,  or  Lower  Coblen- 
zian,  does  not  clearly  indicate  the  Oriskany,  but  a  rather  higher  horizon, 
it  follows  that  the  Siegen  grauwacke  and  the  American  Oriskany  are 
fairly  harmonious  in  their  faunas.  Freeh  correlates  the  Oriskany  with 
the  '*  Spirifer  sandstone  "  of  the  Lower  Coblenzian.  This  view  places  the 
Oriskany  near  the  top  of  zone  3  (see  page  266),  a  considerably  higher  or 
younger  position  than  that  given  by  the  present  writer. 

Again,  if  the  Hercynian  fauna  of  the  Lower  Wieder  Schiefer,  described 
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by  Kayser,*  is  brought  into  the  comparison,  a  fauna  is  met  which  also 
strongly  recalls  the  Oriskany  as  well  as  the  Lower  Helderberg. 

The  brachiopods  are  the  predominating  fossils,  with  the  long-hinged 
species  of  Spirifer  in  well  developed  forms.  The  Oriskany  types  are 
S,  dedieni,  S,  ilase  (the  representatives  of  the  American  S.  murchisoni  Cas- 
telnau  and  S,  nrrectm  Hall)  ;  S.  fierei,  var.,  S,  Aercyma?  (closely  related  to 
S.  cuviberlandias And  S.  tribulis).  Another  Hercyn  Spirifer, S.  bishofi,  may 
be  compared  with  the  Oriskany  species  S.  areriosus,  one  of  the  most 
characteristic  Spirifers  in  the  introduction  of  the  plicated  fold  and  sinus. 
Of  Lower  Helderberg  Spirifers,  S.  maeropteura  may  be  compared  with  the 
Hercyn  S,  jaschei  and  S,  sp,  (figure  6  of  plate  xxi).  On  tlie  other  hand, 
such  species  as  S.  togatus  and  S,  aericeiia  recall  S.  radiatus,  clearly  a  rem- 
nant of  the  Siluric  fauna,  but  not  of  that  age  because  of  the  far  greater 
size  attained  by  these  forms. 

Another  Oriskany  reminder  is  Megan teris  figured  by  Kayser.  Tliis 
species  is  far  larger  than  M.  ovalis  and  as  large  as  Rensselxrin  ovoides^  a 
very  closely  related  form.  However,  since  it  is  the  only  terebratuloid 
in  this,  the  true  Hercyn  fauna,  the  paucity  is  most  marked  when  com- 
pared with  the  Oriskany  or  even  with  the  Lower  Helderberg.  The 
Hercyn  pentameroids  are  in  harmony  with  those  of  the  Lower  Helder- 
berg, while  the  rhynchonelloids  are  unlike  any  American  facies.  In  a 
number  of  species  the  latter  appear  to  be  ancestors  ofHypothyris  aihoides 
of  the  Middle  Devonic. 

When  the  Hercyn  Brachiopoda  of  the  meristelloid  family  is  examined, 
there  is  seen  to  be  a  marked  paucity  of  species,  especially  when  com- 
pared with  the  Lower  Helderberg.  The  same  is  true  of  the  Retzias,  and 
particularly  the  orthoids.  On  the  other  hand,  the  presence  of  Alry]Ki 
aspei^a  in  the  Hercyn  is  that  of  a  form  first  appearing  in  the  Corniferous 
or  Middle  Devonic. 

The  strophomenoids  are  non-committal,  while  the  presence  of  several 
species  of  Chonetes,  some  of  which  attained  a  size  above  the  average, 
denotes  the  Middle  Devonic.  Craniella  is  also  rather  indicative  of  a 
horizon  above  the  Lower  Helderberg. 

From  this  summary  of  the  brachiopods  the  conclusion  is  reached  that 
the  Hercyn  species,  if  of  one  fauna,  indicate  an  age  not  as  old  as  the 
Lower  Helderberg  and  probably  not  much  younger  than  the  later 
Oriskany. 

With  few  exceptions,  the  Hercyn  trilobites  are  those  of  the  Lower 
Helderberg  and  Ix)wer  Oriskany.  The  exceptions  are  the  presence  of 
Harpes,  a  remnant  of  Ordovicic  or  Champlainic  times,  and  the  occur- 
rence of  Cryphieus,  a  genus  first  appearing  in  America  in  the  Middle 

♦Die  Fauna  der  altesten  Devon-AblagerunRen  des  llarzof*,  Abh.  z.  geolog.,  Specialkarte  von 
Preussen,  Band  ii,  Heft  4, 1878. 
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DevoiHC.  The  great  abundance  of  Phacops  is  characteristic  of  European 
faunas,  and  is  in  harmony  with  Tx)wer  Devonic  development.  The 
Hercyn  trilobites  are  unmistakably  of  Devonic  age,  and  seem  to  find 
their  nearest  relatives  in  the  Lower  Helderberg,  but  apparently  more 
directly  in  the  Lower  Oriskany. 

The  presence  of  large  fish  spines  and  teeth  in  the  Hercyn  is  strongly 
indicative  of  the  Devonic,  as  well  as  of  a  development  younger  than 
anything  known  in  the  Lower  Helderberg,  and  is  more  in  harmony  with 
the  American  Corniferous.  Moreover,  these  Hercyn  fish  remains  do  not 
agree  with  those  from  the  Siluric  of  England. 

There  is  nothiiig  in  American  Tx)wer  Devonic  horizons  to  be  compared 
with  the  Goniatite  development  of  the  Hercyn.  These  shells  do  not 
make  an  abundant  appearance  in  American  faunas  until  well  into  the 
Middle  Devonic,  and  they  give  the  Hercyn  a  strong  and  unmistakable 
Devonic  aspect.* 

The  gastropods  of  the  Hercyn  point  to  the  Lower  Helderberg,  but  it 
should  be  borne  in  mind  that  these  are  nearly  all  capulids.  Their  size 
and  the  abundance  of  species,  however,  will  also  agree  with  the  Oriskany 
a^ie.  The  pelecypods  are  younger  than  the  Lower  Helderberg,  and  since 
hut  very  few  Oriskany  species  of  this  class  are  known,  no  direct  compari- 
sons can  be  instituted.  The  supi)osed  occurrence  of  a  typical  Siluric 
jrraptolite  zone  near  the  top  of  the  Hartz  Hercyn  gave  it  a  very  ancient 
aspect  and  a  very  remarkable  life  combination.  However,  from  the 
work  of  TuUberg  and  Denckmann,  it  is  now  known  that  this  zone  is  of 
Siluric  age.f 

From  the  foregoing  review  of  the  typical  Hercyn  fauna  it  is  clear  that 
while  it  contains  a  number  of  Siluric  types,  yet  its  general  develop- 
ment, particularly  the  large  size  of  many  of  its  individuals,  is  not  to  be 
correlated  directly  with  tlie  Lower  Helderberg.  On  the  whole  it  appears 
to  agree  best  with  the  Oriskany.  If,  in  this  connection,  it  is  borne  in  mind 
tliat  the  Upper  Oriskany  is  everywhere  a  shore  deposit — coarse  sands  and 
shales — and  has  a  decidedly  littoral  fauna,  while  the  Hercyn  is  derived 
from  limestone  (the  Goniatites  indicating  deeper  water),  one  of  the  causes 
for  the  marked  difference  in  these  faunas  is  made  apparent.  On  the 
other  hand,  the  Lower  Helderberg  fauna,  while  not  of  a  very  deep  sea, 
is  deeper  than  the  Oriskany,  and  if  the  former  is  of  the  same  age  as  the 
Hercyn,  then  more  harmony  might  be  expected  than  exists  between 
them.  These  various  reasons  result  in  the  conclusion  that  the  Hercyn 
iiiuna  is  to  be  correlated  rather  with  the  Oriskany  than  with  the  Lower 
Helderberg.     Freeh  would  place  it  a  little  higher,  because  he  regards  it 

*8ee  remarks  on  the  Goniatites  of  ^inae  h\,  Konieprussian  of  Bohemia,  p.  ZOo. 
fSee  Freeh  :  Lethsca  geognostica,  1  Thoil,  2  Band,  1897,  pp.  117,  193. 
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as  a  certain  equivalent  of  the  Lower  Coblenzian,  and  probably  also  of 
the  Siegen  grauwacke.  This  view,  joined  to  that  of  the  writer's,  makes 
the  Hercyn  fauna  of  the  Lower  Wieder  Schiefer  the  probable  equivalent 
of  the  American  Oriskany,  although  it  may  occupy  a  somewhat  younger 
position  in  the  time  scale. 

Another  related  fauna  and  one  derived  from  calcareous  beds  is  that 
described  by  Barrois*  from  the  hamlet  of  Erbray,  in  the  lower  Loire* 
On  examining  the  plates  illustrating  this  fauna,  it  soon  becomes  appar- 
ent that  the  Erbray  fauna  has  the  general  aspect  of  the  Hartz  Hercyn, 
but  the  faunal  assemblage  is  a  different  one  and  has  a  younger  appear- 
ance, which  is  due  to  the  scarcity  of  ortliids,  being  almost  restricted  to  0. 
( Rhipidoiiulla)  palliata,  a  local  and  distinct  development.  The  Stropheo- 
dontas  are  rather  those  of  the  American  Middle  Devonic,  and  the  same 
is  true  of  many  of  the  Rhynchonellas,  athyroids,  and  centronelloids. 
The  Spirifers,  as  a  rule^  find  their  analogues  in  the  Oriskany  and  Middle 
Devonic,  while  the  large  Megdlanteria  inomata  and  M.  deshayesii  |K)int  to 
the  Oriskany.  Indications  of  tlie  older  faunas  occur  in  the  strongly 
l)licated  pentaraeroids,  some  of  the  Rhynchonellas,  the  Meristellas,  and 
Spirifer  hisulcata,  A  decided  Devonic  aspect  is  marked  in  the  trilobites, 
for  Cnjphscm  is  here  well  developed  and  the  Dalmanites  (Odontocheile) 
section  is  absent.  The  platyceroids  agree  both  with  the  Lower  Helder- 
berg  and  Oriskany,  while  the  other  gastropods  accord  with  forms  best 
developed  in  the  Siluric.  The  great  development  of  Conocardium  in 
the  Erbray  fauna  gives  it  its  character,  yet  the  forms  are  all  small,  and 
therefore  do  not  have  the  aspect  of  higher  Devonic  species.  The  abun- 
dance of  cup  corals  and  Acervularia  is  also  a  decided  characteristic  of 
American  Middle  Devonic  faunas. 

It  is  unsafe  to  make  definite  correlations  when  faunas  are  so  different 
as  that  of  Erbray  and  those  of  the  American  Lower  Devonic.  It  is  true 
that  the  Kr))ray  fauna  and  that  of  the  Lower  Helderberg  are  from  lime- 
stones, but  the  Oriskany  fauna  is  nearly  everywhere  found  in  a  coarse 
sandstone,  while  practically  nothing  is  known  of  the  life  of  the  Cauda- 
galli  (  -  Esopus).  However,  the  above  summary  of  the  Erbray  fauna 
shows  that  the  development  is  unlike  that  of  the  American  Lower  Helder- 
berg.  While  the  latter  brings  to  mind  some  of  Erbray,  still  the  develop- 
mental progression  is  rather  that  seen  in  the  Oriskany,  and  probably  also 
of  the  time  interval  represented  by  the  Cauda  galli. 

Recently  Freeh  t  has  discussed  the  position  of  this  fauna  and  points 
out  that  there  are  three  fossil  zones  the  exact  relation  of  which,  one  to 
another,  is  not  yet  fully  established.     He  correlates  the  Erbray  fauna 


♦  Fan  no  du  Calcaire  d'Erbniy ;  Cont.  a  I'«>tudo  du  Terrain  d^^vonien.      M6ni.  Soc.  g6ol.  du  Nord, 
iii,  April,  1H89. 
t  Lethiea  gotujuostica,  p.  19.'),  and  tnble  xiii. 
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with  all  of  the  Spirifer  hercyniie  zone,  or  the  Lower  Coblenzian,  and  the 
uf>per  portion  of  the  Siegen  of  the  Rhine.  This  is  exactly  the  view  ar- 
rived at  by  the  writer  before  he  knew  of  Freeh's  conclusions. 

In  the  Tx)wer  Devonic  of  England,  at  Looe,  in  Cornwall,  a  fauna  occurs 
which  Kayser*  says  is  in  harmony  with  that  of  the  Siegen  grauwacke. 
As  far  as  the  writer  is  able  to  judge,  this  correlation  is  not  only  correct 
for  the  Rhineland,  but  also  is  in  harmony  with  the  Oriskany.  Possibly 
a  similar  fauna  oCburs  in  the  Lynton  slates  of  North  Devon,  England. 

In  this  review  of  the  Lower  Devonic  faunas  of  Europe,  there  are  none 
which  seem  to  be  the  direct  equivalent  of  the  American  Lower  Helder- 
herg.  Therefore  a  review  will  now  be  made  of  Barrande's  6tage  F,  often 
r^arded  as  lowest  Lower  Devonic. 

The  greatest  number  of  American  Lower  Helderberg  specific  equiva- 
lents exist  among  the  brachiopods.  These  are  in  the  Konieprussian  of 
etage  F,.  However,  it  should  here  be  borne  in  mind  that  ^tage  F,  con- 
tains two  distinct  zones — stratigraphically,  lithologically,  and  t)aleon- 
tologically — the  Konieprussian  and  Menian.  This  has  recently  been 
pointed  out  by  Kayser  and  Holzappel,t  and  they  correlate  the  Menian 
limestones  with  the  basal  Middle  Devonic  of  the  Eifel,  or  the  beds  char- 
acterized by  Spirifer  ciUtrijugalvs,  This  horizon  appears  to  be  about  that 
of  the  Corniferous.  Freeh  J  tabulates  the  lower  Devonic  of  Bohemia  as 
follows : 

*'  G,.  Nodular  limestone  of  Tetin  with  Odontocheile. 


Deep  tfea. 


Red  flaggy  limestone  of  Menian   (— Greifenstein)  with 
AgmtifUites  fidelis,  crinoidal  limestone  with   trilobites, 
F,  in  part.        Goniatites,  smooth  hrachiopods. 

Fairly  deep  sea,     (Oriskany  (part),  Cauda-galli,  and 
Schoharie  grit). 


F,  in  part. 


White  coral-reef  limestone  of  Koniepniss,  massive,  with 
numeroua  corals*  brachiopods,  capulids,  and  nests  of 
trilobites. 
Sliallmo  sea,     (Ix)wer  Helderberg  and  Oriskany.) 


Black  flaggy  limestone  of  Kosorsch  with  deep-sea  sponges, 
Fi-        palcBOConchs,  and  Hercynella  hohemica. 
Very  deep  sea,    (Lower  Helderberg.) 


E,.     Upper  Silurian.' 


♦  Toxt-liook  of  Comp.  Goology,  p.  lo.'>. 

t  Jahrb.  der  k,  k.  geolog.    ReiclisAnstalt,  Band  44.  Heft  3,  18'j*. 

X  Leth»A  geognostica,  pp.  188,  250. 
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The  succeeding  list  of  specific  equivalents  for  Bohemia  and  the  Ix)wer 
Helderberg  of  New  York  was  not  prepared  to  fit  the  case  in  hand,  but  is 
the  outcome  of  an  examination  of  Barrande's  fine  plates.  The  writer 
has  often  collected  in  the  T^ower  Helderberg  and  Oriskany,  and  has 
studied  their  fg,unas  for  ten  years.  In  going  over  Barrande  s  plates  he 
was  surprised  to  find  that  the  brachiopods  in  the  two  regions  were  very 
similar.  A  careful  perusal  of  the  list  here  given  will  show  that  the  most 
important  Lower  Helderberg  brachiopods  have  direct  ^equivalents  in  the 
Konieprussian.  Each  region  has,  of  course,  its  own  development,  and 
the  common  forms  of  one  region  may  be  rare  in  the  other.  For  instance, 
in  America  the  great  development  of  the  subgenera  of  Orthis — Dalma- 
nella  and  Rhipidomella — have  but  little  diversity  in  6tage  F„  while  here 
the  spire-bearing  families  Meristellidje  and  Athyridae  have  a  far  greater 
diversity.  The  same  is  also  true  for  the  Rhynchonellida;,  although  these 
shells  are  varied  and  abundant  in  the  Lower  Helderberg.  These  are  the 
local  aspects  of  widely  separated  faunas,  however,  and  when  such  sim- 
ilarities are  detected  as  are  indicated  in  the  following  list,  they  should 
be  given  their  full  value: 


Bohemia,  ^»tage  F,. 

Discina  radians  Barrande. 

Orthis  palliata  B.  (PI.  58). 

Orthis  pingttissina  B. 

Orthis  prxcursor  B. 

Strophomena  rhomhoidalis  (Wilckens). 

Strophomena  hoheinica  B. 

iStrophomena  phillipsi  B. 

Strophomena  smverhyi  B. 

Strophomena  ocsopea  B. 

Chonetes  renusttis  B. 

Chonetes  inconsians  B. 

Chonetes  squamaUdus  B. 

Pentamenuf  sieheri  v.  Biich. 

Peniamervs  optaius  B. 

Pentamenis  firmus  B. 

RhynchoneUa  eucharis  B. 

Atrypa  assula  B. 

Rhynchonella  phcmix  B. 

Spirifer  nerei  B.  F,,  F,. 

Cyrtina  heteroclita  Defrance. 

Atrypa  reticularis  Lin  116. 

Atrypa  semiorhis  B. 

Merista  hercxdea  B. 

Merista  minnsada  B. 

Atrypa  compressa  B. 

Atrypa  inelegans  B. 


Lower  Helderberg. 

Orhicxdoidea  discus  Hall. 

0,  {Dalmanella)  pereUgans  Hall. 

0.  (i>.)  quadrans  (Hall). 

0.  (Schizophoria)  muUistriata  Hall. 

Ijejytama  rhomhoidalis. 

Strophonella  punctulifera  (Conrad). 

Stropheodonta  varistriata  arata  Hall. 

Stroj)heodonta  becki  Hall. 

Orthothetes  deformis  Hall. 

Chonostrophia  lielderbergue  H.  &  ('. 

I      Anoplia  nucleala  Hall. 

>     Gypidnla  galeata  (Dalman). 

f  Anastrophia  vem^uili  (Hall). 
Eatonia  medialis  (Vanuxem). 
Ealonia  pecuLiaris  (Conrad). 
Rhynchonella  semiplicata  Conrad. 
Spirifer  concinnus  Hall. 
Cyrtina  dalmani  (Hall). 
Same  species  and  local  development. 
Atrypina  imbricaia  Hall. 


\     Af crista  typus  Hall. 


Meristella  hella  Hall. 
NtLcleospira  veniricosn  Hall. 
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Bohemia,  6tage  F^.  Lower  Elelderbei-g. 

Reizin  haidmgen  B.                                     {  ^fm^^ospira  formoRa  Hall. 

I  Rhyncho9}nra  ghltosa  Hall. 

Ahypa  eurtjdice  B.  HeiiHseUeria  viutabilis  Hall. 

Hetzia  meUmica  B.  (PL  141).  Probably  another  RenBseheria  of  Lower 

Helderberg  development. 

Dalinanitei  fiousmanni  Brongniart.  G.  D,  (OdontoclieiU)  mi'Ci-urus  (Green). 

Acidatpia  monMrosa  B.  Gj.  Acidaspis  tuberculata  (Onrad). 

Phaeopt  brevicep$  F,.  Phacaps  hgani  Hall. 

Fenestella  and  Hemitrypa  in  abundant  An   abundant   development  of  these 

development  in  ^tage  F.  forms  in  the  Lower  Helderberg. 

ActinoBtroma,Stromatopora,andClath-  Syringostroma  and  Clathrodictyon  in 

rodictyon  in  numerous  examples  in  F.  the  Lower  Pentamerus  limestone. 

The  foregoing  table  of  equivalents  leads  the  writer  to  regard  the 
Konieprussian  and  the  Lower  Helderberg  as  closely  related,  as  well  as 
the  oldest  well  described  Lower  Devonic  brachiopod  faunas.  The  great 
diversity  of  the  fenestelloids  in  etage  F  is  in  harmony  with  a  similar 
development  in  the  Delthyris  shale  of  the  Lower  Helderberg.  The 
stromatoporoids  are  also  in  harmony  with  this  view.  The  trilobites  do 
not  oppose  this  correlation,  but  two  characteristic  species  of  the  Lower 
Helderberg — Dalmaniiea  mia-urua  and  AcidaspU  tuberculata — find  their 
equivalents  in  the  next  higher  zone,  or  6tage  G.  Barrande  does  not 
figure  the  gastropods  and  pelecypods  of  Bohemia,  and  the  writer  can 
therefore  make  no  comparisons.  The  Goniatites  said  to  be  of  6tage  F„ 
described  by  Barrande,  are  now  known  to  belong  in  a  zone  the  equiva- 
lent of  G  (see  Freeh's  table  on  page  263),  and  therefore  do  not  affect  the 
Lower  Helderberg  fauna.  Even  if  they  occurred  in  the  Konieprussian 
fauna  under  review,  the  fact  should  be  borne  in  mind  that  not  a  single 
Goniatite  is  known  in  America  prior  to  the  Corniferous,  and  that  there 
is  but  a  meager  representation  in  any  American  Middle  Devonic  horizon. 
The  weight  of  this  argument,  therefore,  loses  its  force  in  point  of  correla- 
tion. On  the  other  hand,  of  the  6  species  of  Goniatites  said  by  Bar- 
rande to  be  from  6tage  Fj,  but  2  are  restricted  to  that  horizon — G.  solvs 
and  Agoniatiteajidelis — while  the  other  4  also  occur  in  Gg — G.  plebius  B. 
=  Anarcestes  laiiaeptatua  (Bey rich),  Agoniatites  vema,  Anarcestes  crisptis^ 
and  Agoniatites  tabuloidea — and  2  of  these  persist  into  Hj — Anarcestes 
Uuiseptatus  (Beyrich)  and  Agoniatites  vci-na.  These  species  thus  show 
that  they  have  no  particular  stratigraphic  value  beyond  the  fact  already 
mentioned,  which  seems  strong  proof  for  a  Devonic  facies.  The  writer 
therefore  concludes  that  the  Konieprussian  (FJ  and  the  Lower  Helder- 
berg are  the  equivalents  of  each  other  and  represent  the  best  known 
lowest  Lower  Devonic  faunas. 

XXXIX— Bum..  Grot..  Soc.  Aw.,  Vof..  11,  1899 


206      C.  SCHUCHERT — LOWER   HELDERBERG-0RI8KANY   FORMATIONS 

This  view  differs  from  that  of  Freeh,  for  he  correlates  F,  and  the  F, 
Koniepruesian  with  the  Lower  Helderberg  and  Oriskany.  It  seems  to 
the  writer  that  in  Bohemia  there  is  no  equivalent  for  the  littoral  Oris- 
kany, and  that  between  F,  Konieprupsian  and  F,  Menian  a  faunal  hiatus 
exiwts.  JKtage  F,  Menian  and  G  seem  to  conform  to  the  American  Scho- 
harie grit  and  Corniferous.  However,  the  writer  does  not  insist  on  all 
these  correlations,  but  merely  wishes  to  point  out  that  the  Ix)wer  Helder- 
berg fauna  finds  its  best  representative  in  the  Konieprussian  of  Bohemia. 
The  latter  and  6tage  F  are  now  generally  regarded  by  European  stratig- 
raphers  as  lowest  Lower  Devonic. 

Barrande  long  ago  recognized  a  faunal  resemblance  between  his  eta^e 
E  and  the  Wenlock  of  England,  although  he  also  referred  his  Stages 
F,  G,  and  H  to  the  Siluric  system.  In  Barrande's  time,  the  Cambric 
as  a  system  was  almost  unknown,  and  even  today  Geikie'*'  writes: 

"  For  myself,  I  repeat  what  I  have  eaid  in  previous  editions  of  this  text* book, 
that  the  most  natural  and  logical  classification  is  to  group  Barrande's  three  faanaa 
[now  Cambric,  Ordovicic,  and  Siluric]  as  one  system,  which  in  accordance  with 
the  laws  of  priority  should  be  called  Silurian." 

This  is  also  the  opinion  of  M  Hebert,t  F.  Schmidt,!  and  De  I^p- 
parent.  §  If  in  this  connection  the  fact  is  also  borne  in  mind  that  the 
Lower  Devonic  of  Devonshire  and  of  the  Rhineland  consists  almost 
wholly  of  sandy  and  slaty  beds  whose  fauna  at  that  time  was  little 
known,  thus  contrasting  with  the  well  known,  abundant,  and  almost 
sequential  faunas  from  the  Primordial  to  etage  H  of  Bohemia,  it  can  he 
partially  understood  why  Stages  F,  G,  and  H  are  correlated  by  Barnuide 
with  the  Upper  Silurian.  Again,  if  the  great  faunal  resemblances  or  the 
gradually  modifying  fauna  of  the  6tage  E  (Wenlock)  into  F  and  thence 
G  and  H  are  noted,  another  good  reason  appears ;  and,  finally,  if  remem- 
bered that  the  upper  limit  of  Murchison's  Upper  Silurian  fauna  was 
essentially  the  Wenlock,  and  that  the  known  Devonic  fauna  of  his  time 
was  practically  that  of  the  Middle  Devonic,  the  argument  is  complete 
for  Barrande's  reference  of  Stages  F,  G,  and  H  to  the  Silurian,  These 
facts  formerly  had,  and  still  have  their  influence  in  America.  At  first 
the  Oriskany  and  Lower  Helderberg  were  referred  to  the  Silurian.  After 
De  Verneuil  and  Sharpe's  visit  to  America  in  1847,  the  Oriskany  was 
referred  to  the  Devonic  (Hall,  1858),  and  this  then  came  to  be  the  gen- 
erally recognized  base  for  this  system  in  the  United  States.  || 

*  Text-lx>ok  of  (ffology,  1h03,  p.  727. 

t  Bull.  Soc.  G«^ol.  France,  3  ser.,  vol.  xi,  1882,  p.  M. 

X  (^iiar.  .Jour.  (ieol.  Soc.  London,  vol.  3X,  lK«*i,  p.  M'i. 

j)  Tr:iit<''  .le  (T^*ologie,  :jd  od.,  1893. 

Il  Shurpc  :  Qnar.  Jour.  (ieol.  Soc.  London,  vol.  iv,  1847,  pp.  14.V181. 

I>©  Verneuil  :  Soc.  (ieol.  de  France,  2d  ser.,  vol.  iv,  1847,  pp.  (V46-709. 

Hall,  Foster,  and  Whitney's  Kept,  on  Lake  Superior,  pt.  ii,  pp.  285-318. 
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3.  Lower  CobUnzian,  zone  of  Spirifer  hercynim 


Ooblenzian. 

0(i}ds  hystrrita  Grim. 
Orthh  circiUaris  Sowerby. 
i^Tophomena  pluxUa  Sowerby. 
Sbrophomena  explanala  Schnur. 

Chonetet  sarcinuUttus  Schlotheim. 

Chonetes  dilataltis  de  Koninck  (probably 

Stropheodonta). 
CkoneUt  pUbetts  Schnur. 
RhynckonelUt  daleidensU  F.  Roemer. 
Hhynchonella  dannenbergi  Kayser. 

Uhp^honeUa  ( WiUonin)  pila  Schnur. 
Spirifer  mbcuspidcUtu  Schnur. 
8p\rifer  carinatus  Schnur. 

Spirifer  hercynise  Giebel. 
Spirifer  arduensU  Schnur. 
AOu/ria  undcUa  Def ranee. 

Alhyri9  ferronetuU  Verneuil. 
.innplotfufca  venusta  Schnur. 
MegalanUris  archiaci  Verneuil. 
RenstehrUi  slrigiceps  F.  Roemer. 
TropidoUptus  rJtenanus  Freeh. 
Numerous  pelecypoda. 
Few  }<a8tropod8. 

H(maloitotu8  anncUus  Burmeister. 
ffomcUonottis  rhenanus  C.  Koch. 
Ifomalonotiu  ormUus  Saudberger. 
HoinaUmotus  roemeri. 


American. 
0.  (Schizopkoria)  strialula. 


Stropheodonta   {Leptostrophia)   magnifica 

Hall. 
C  melonica  Billings  and  C.    coronaluB 

Conrad. 


Nothing  like  it. 

Frecli  compares    R.  muUistriala   Hall. 

(OftheOriskany.) 
Nothing  like  it. 

S.foniaciUa  Hall,  S.  medialis  Hall. 
Similar  with  the  Hamilton  S.  gramdifer 

Conrad. 
S,  cutnberlandia  Hall. 
S,  duodenaria  Conrad. 
The  nearest  is  the  Hamilton  A,  ttpiri- 

feroides  (Eaton). 
Nothing  like  it. 


Freeh  compares  R,  ovoides  (Eaton). 


No  spiniferous  American  si)ecie8. 

JI.  vanuxemi  Hall. 

No  ornate  American  species. 


This  fauna  does  not  readily  correlate  with  any  American  horizon. 
Freeh,  however,  says  '*  the  Lower  Coblenz  strata,  consisting  of  grauwacke 
and  slates  with  interbedded  quartzites,  form  in  a  developmental  aspect 
an  unchanged  continuance  of  that  of  the  Siegen  grauwacke."*  This 
horizon  is  apparently  not  far  removed  from  the  later  Oriskany  and  may 
be  the  equivalent  of  that  and  the  Cauda  galli. 

4.   Upper  Cobleyizian,  zone  of  Spirifer  paradoxus 

The  fauna  here  is  a  very  extensive  one,  and  if  the  American  reader  will 
look  at  Freeh's  t  plate  246  he  will  not  hesitate  to  pronounce  the  age  of  that 


•  Letheea  Keognofttica,  1897,  p.  146. 
t  Ibid. 
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Upper  Coblenz  slab  the  equivalent  of  the  Hamilton  or  Middle  Devonic 
beds.  However,  the  present  writer  does  not  mean  more  than  faunal  re- 
semblance, certainly  not  synchronous  equivalence.  In  any  event,  the 
Upper  Coblenzian  has  nothing  to  do  with  the  Ori8kany,but  rather  with 
the  American  Corniferous  and  Hamilton.  These  divisions  are  here  re- 
garded as  members  of  the  American  Middle  Devonic. 

A  very  similar  result  is  obtained  by  examining  the  plates  illustrating 
"  Die  Fauna  des  Hauptquarzits  "  of  the  Hartz,  by  Kayser.*  This  hori- 
zon is  correlated  with  the  Upper  Coblenzian  of  the  Rhine.  With  very 
few  exceptions  the  species  there  illustrated  find  their  nearest  relatives  in 
the  American  Hamilton.  A  few  of  the  brachiopods,  however,  agree  best 
with  Corniferous  species. 

CONCLUSIONS 

If  the  faunas  of  the  Hercyn  (Kayser)  and  Siegen  are  the  equivalents 
of  the  Oriskany,  then  beds  the  age  of  the  Lower  Helderberg  are  to  be 
found  in  the  Gedinnian  and  Taunus,  or  zone  of  Spirifer  mercuric  in  the 
Rhineland.  This  fauna,  however,  is  a  very  small  one,  and  the  writer  does 
not  feel  warranted  in  making  a  correlation  of  value.  But  the  Gedinnian 
of  Germany  and  Prance  is  often  correlated  with  ^tage  F  of  Bohemia. 
In  any  event,  the  Lower  Helderberg  has  its  equivalent  in  6tage  F,  Konie- 
prussian.  It  will  be  shown  in  the  next  chapter  that  the  Lower  Helder- 
berg fauna  has  decided  Devonic  characteristics  and  very  little  of  typi- 
cal, or  Murchisonian,  Upper  Silurian. 

The  Hercyn  of  the  Hartz  and  the  Siegen  grauwacke  of  the  Rhineland 
(possibly,  also,  the  Linton  slates  of  the  Lower  Devonic  of  England) 
appear  to  be  equivalents  of  the  Oriskany.  Both  these  faunas  have  a 
bruchiopod  development  which  unmistakably  points  to  the  younger 
Oriskany,  but  there  is  also  a  facies  which  finds  its  nearest  expression  in 
America  in  the  older  Oriskany.  In  this  connection  it  may  be  pointed 
out  tbat  de  VerneuiLf  after  his  visit  to  America,  published  the  view,  in 
1847,  that  the  Oriskany  is  Devonic,  regarding  it  as  the  equivalent  of  the 
fossiliferous  schists  (Spirifer  sandstone)  of  the  Rhine.  The  sedimenta  of 
the  later  Oriskany  are  very  coarse,  and  the  older  Oriskany  is  as  yet 
practically  unworked  paleontologically.  Therefore,  at  present  large 
brachiopods  chiefly  constitute  the  known  Oriskany  fauna.  This  expres- 
sion is  also  seen  in  the  Hercyn  and  Siegen  faunas.  On  the  other  hand, 
the  German  sediments  are  less  coarse,  presenting  conditions  for  a  dif- 
ferent faunal  development,  while  the  waters  were  also  probably  deeper. 

♦  Ahh.  d.  k.  preuss.  geol.  Lnndeflanstalt,  n.  ser.,  Theil  1,  1889. 

fBull.  Soc.  G6ol.  de  France,  2d  ser.,  vol.  iv,  1847,  pp.  G16-709 ;  see  hImo  Uairs  traDslaUoD,  Amer. 
Jour.  Sci.,  1848,  pp.  177-178. 
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This  difference  is  shown  in  the  abundance  of  pelecypods  and  the  pres- 
ence of  Goniatites,  while  in  the  finest  sediments,  the  slates, an  abundant 
and  varied  local  fauna  of  crinoids  and  starfishes  is  present.  * 

The  Erbray  fauna  described  by  Barrois  may  be  the  equivalent  of  the 
Oriskany  or  of  the  Upper  Oriskany  and  Cauda-galli.  In  any  event,  it 
appears  to  be  younger  than  the  typical  Hercyn  and  not  as  young  as  the 
liower  Coblenzian. 

The  latter  does  not  appear  to  the  writer  to  be  the  equivalent  of  the 
Oriskany,  as  stated  by  Freeh,  but  brings  to  mind  some  portions  of  the 
Upper  Helderberg.  It  may  represent  either  the  Cauda-galli  fauna,  which 
as  such  is  there  unknown,  or  the  Schoharie  grit.  In  any  event,  it  seems 
clear  that  the  Upper  Coblenzian  has  a  fauna  which  American  paleon- 
tologists may  safely  conclude  to  be  very  much  like  that  of  the  Hamil- 
ton, although  it  probably  is  not  quite  so  recent. 

Amekican  Lower  Devonic* 
heldbbbbrqian  subdivi8i0ns\ 

This  series  of  strata  is  generally  known  as  the  Lower  Helderberg  group, 
and  "  has  been  so  termed  from  its  very  complete  development  along  the 
base  of  the  Helderberg  mountains,  constituting  in  this  part  of  New  York 
an  important  fossiliferous  group.  In  some  parts  of  the  Helderberg  moun- 
tains, and  along  the  Hudson  river  at  Rondout,  and  at  Schoharie  and 
elsewhere,  the  lowermost  beds  of  this  group  [Tentaculite  or  Manlius  lime- 
stone] rest  directly  on  the  Waterlime  beds,  which  we  regard  as  the 
uppermost  member  of  the  Onondaga  salt  group."  J 

The  Helderbergian  series  in  New  York  reposes  on  the  Manlius  (Ten- 
t4iculite)  limestone,  and  in  places  begins  with  a  thin  mass  of  limestone 
contiiining  Stromatopora,  which  is  known  as  the  Stromatopora  lime- 
stone. The  next  persistent  horizon  is  the  Coeymans  (Lower  Pentamerus) 
limestone,  "  charged  with  great  numbers  of  the  broken  shells  of  Penia- 

*  A  map  giving  the  known  distribution  of  tho  Helderbergian  and  of  the  Cayugan  and  Niagaran  to 
1^74  was  prepared  by  Profe8Sor  James  Hall,  and  will  be  found  accompanying  a  paper  entitled  "  The 
Niagara  and  Lower  Helderberg  groups ;  their  relations,  and  geographical  distribution  in  the 
I-'nito.l  states  and  Canada."  See  Twenty-seventh  Ann.  Rept.  N.  Y.  State  Mus.  Nat.  Hist.,  1875, 
pp.  117-131. 

tTho  terminology  here  adopted  is  that  of  Clarke  and  Schuchert,  Science,  vol.  x,  December  16, 
1899,  pp.  874-«78.     It  is  as  follows  : 

Oriskanian.         Oriskany  beds. 

I  Kingston  beds  (=  Upper  shaly  limestone). 
Becraft  limestone  (=  Upper  Pentamerus  limestone). 
New  Scotland  beds  (=  Delthyris  shaly  limestone). 
Coeymans  limestone  (=  Lower  Pentamerus  limestone). 
I  Hall :  Paleontology  of  New  York,  vol.  ili,  1859,  p.  33. 
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merits  \_Gypidida]  galecUus.^' *  In  Otsego  county  this  limestone  has  a 
thickness  of  not  le-s  than  80  feet. 

*  The  Coeymans  limestone  "graduates  above  into  a  shaly  formation, 
which  was  designated  in  the  New  York  Re[)ort8  as  the  Delthyris  shaly 
limestone,  from  the  abundance  of  this  genus  of  fossils  [Delthyris  = 
Spirifer]."  t  'i'he  "  Delthyris  shaly  limestone  "  or  New  Scotland  beds  is 
the  most  prolific  in  fossils,  not  less  than  298  species  having  been  found 
in  New  York  alone. 

The  upper  member  of  the  Helderbergian  is  generally  known  in  New 
York  as  the  Upper  Pentamerus  limestone.  Vanuxem  named  it  the 
"  Scutella  limestone,"  because  of  the  presence  of  certain  large  crinoidal 
plates,  while  Gebhard  called  it  the  **  Sparry  limestone,"  owing  to  its 
strong  crystalline  nature.  Darton,  with  Hall's  consent,  has  recently  re- 
named it  *'  Becraft  limestone,"  a  name  here  adopted. 

All  these  rocks  are  well  exposed  in  the  Helderberg  hills  of  New  York, 
l)articularly  in  Albany  and  Schoharie  counties,  where  they  have  a  thick- 
ness of  from  300  to  400  feet,  but  thin  out  rapidly  toward  the  west.  There 
is  "  scarcely  any  evidence  of  their  existence  in  New  York  west  of  Oneida 
county."  J 

Following  the  Helderberg  hills  in  a  southwesterly  direction  "  through 
Pennsylvania,  Maryland,  Virginia,  and  Tennessee,  we  everywhere  find 
the  same  group  of  strata,  and  bearing  everywhere  more  or  less  the  same 
species  of  fossils.  ...  In  some  localities  in  the  middle  and  southern 
[southwestern]  parts  of  Tennessee,  the  collections  of  fossils  are  so  like 
those  from  the  Helderberg  mountains,  near  Albany,  that  but  for  their 
color  and  here  and  there  a  difference  in  the  development  of  certain 
forms,  there  would  be  little  to  distinguish  the  two  localities." §  The 
same  is  also  true  of  the  Helderbergian  of  Indian  Territory. 

In  Monroe  county,  in  eastern  Pennsylvania,  the  Helderbergian  has  a 
thickness  of  about  6(K)  feet,  but  thins  westward,  and  in  Perry  county  is 
only  350  feet  thick.  In  Pennsylvaniia  these  beds  are  known  as  division 
number  6,  and  locally  as  the  ^'Stormville  shales."  The  latter  "grow 
buff  and  sandy  when  traced  westward  from  the  center  of  Monroe  county, 
and,  as  seems  most  probable,  become  continually  coarser,  until  they  are 
consolidated  with  the  Oriskany  sandstone.'' || 

In  western  Maryland,  the  Helderbergian  series  is  represented  in  the 
"  Upper  limestone  series  "  of  the  Lewiston  formation,  and  appears  to  be 
more  extensively  developed  stratigraphically  than  in  any  other  region 

•Hftll,  IHW). 

t  Hall,  1859,  p.  33. 

t  Hall,  18.VJ,  p.  37. 

gHall,  18:>9,  pp.  37-38. 

j  I.  C.  White,  Geol.  Survey  of  Pa.,  vol.  C  C,  1882,  p.  132. 
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of  the  United  States.  The  writer  recently  spent  three  days  examining 
these  deposits  and  the  fossils  gathered  by  Mr  Robert  H.  Gordon.  No 
complete  section  of  the  Helderbergian  was  seen  in  any  one  place,  but 
there  was  sufficient  to  show  that  this  series  is  probably  not  less  than  500 
feet  thick ;  also  that  the  four  zones  of  the  New  York  division  are  present 
in  the  region  of  Cumberland, and  that  the  Helderbergian  apparently  passes 
without  break  into  the  Oriskany.  In  New  York,  the  Helderbergian  is  gen- 
erally followed  by  a  few  feet  of  Oriskany,  which  represent  the  later  por- 
tion and  not  the  whole  of  this  formation.  The  following  is  the  Helder- 
bergian and  Oriskanian  section  about  Cumberland,  as  made  out  by  the 
writer,  while  the  fossils  of  the  former  series  in  Mr  Gordon's  collection 
are  listed  beyond: 

Section  at  the  **Devir$  Back  Bone,^*  Kreighbaum  StaiioTit  Baltimore  and  Ohio  Railroad 


MarcelluB  shale. 


Oriskany.. 


J 


Kingston  (or  Oriskany).. 


New  Scotland  and  Becraft. 


'Top  not  seen  here,  but  elsewhere  is  a  coarse  sand- 
stone. 

Dark  blue,  arenaceous,  heavy  bedded  limestone, 
abounding  above  in  Spirifer  arenos^uiy  Stropheodonta 
magnifica,  and  below  in  S.  arrectus  and  Chonostro- 
phia  complanata.    Thickness  about  150  feet. 

f  Dark  blue,  arenaceous  limestone  with  chert  zones. 

(Heavy  beds  above  passing  into  thin  beds.    No 
fossils  were  seen.    Thickness  about  125  feet. 

f  Thin  bedded,  shaly  limestone  and  shale  with  chert, 
abounding  in  New  Scotland  fossils.  Shales  with 
Anoplotheca  fabeUites  near  the  top.  Thickness 
about  75  feet. 

The  fossils  known  from  this  zone  are  Zaphrenti^, 
Leptsena  rhomhoididiSy  Stropheodonta  beckii,  Ortho- 
tliet€9radiuiaf  Orihisperelegan»,  Spiri/er  perlamellosunt 
S,  cycloptertiBt  S,  niicropleura,  Trematospira  perforata^ 
T.  near  miUtiMriata,  Eaionia  medicdis^  Rhynchonella 
viUicata?  Phacops  logani^  Ikdmanitea  vUcrurus,  and 
D.  pleuroptyx. 


Railroad  watch-house  here. 


Coeymans  limestone.. 


Heavy  bedded  limestone  with  chert.  Fossils  abun- 
dant, Uypidida  galeata,  etcetera.  Thickness  about 
60  feet. 

Heavy  and  thin  bedded  bluish  to  yellowish  limestone 
witli  chert  zones.  A  well  developed  Stromatopora 
zone  at  the  top  and  bottom ;  also  G.  galeaUt,  corals, 
and  crinoids.     Thickness  about  60  feet. 


Manlina  limestone. 
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(Thin  bedded  blaieh  limestone  with  zones  of  shale. 
Bryozoa  abundant.     Near  the  top  occurs  a  small 
variety  of  G.  galeata  and  Favosiles  Iielderbergix,  and 
I      toward  the  bottom  Leperditia  aUa^  Gmiiophora  dulm, 
[     and  Spirifer  tximixeini.    Thickness  alwut  160  feet 
Base  not  seen. 

Section  ai  Rose  Hill,  HaUimore  and  Ohio  RaUroad  (main  line) 

Top  not  seen. 

A  series  of  heavy  to  thin  bedded,  light  blue  lime- 
stones resembling  water  limestones.  The  aeries  is 
foBsi  11  ferous  th  roughou t  in  narrow  zones.  H as  7Vn- 
tacfjUiies  gyracantJiuSf  Leperditia  fabuliUSt  Beyrichia 
notata,  other  Ostracods,  Rhynchospira  near  gMKwi, 
Meristella,  a  small  species  very  common ;  Orihis  near 
perelegam,  and  poor  Bryozoa.  Thickness  about 
175  feet. 

Base  not  seen. 

Salina. 

In  southwestern  Virginia  the  Helderbergian  occurs  in  Lee,  Wise,  and 
Scott  counties,  and  is  described  by  Professor  J.  J.  Stevenson  *  as  follows : 

"  The  Lower  Helderberg.— The  rocks  of  tliis  group  are  exposed  in  the  Poor  valley ; 
on  the  western  end  of  Wallens  ridge;  in  the  valley  between  Wallens  ridge  and 
Powell  mountain,  in  the  North  Fork  gap ;  and  on  the  southeastern  slope  of  Powell 
mountain  beyond  the  gap.  The  exposures  are  very  fair,  and  a  complete  section 
could  be  obtained  without  much  difficulty. 

"  The  estimated  thickness  is  not  far  from  250  feet.  For  70  feet  from  the  bottom 
the  series  consists  of  limestones  in  beds  from  three  to  five  feet,  separated  by  phale^ 
in  somewhat  thicker  layers.  .  .  .  Contains  abundance  of  Ijeperditia.  fThis 
may  be  the  Onondaga  or  Waterlime  horizon  of  the  Siluric]  Overlying  this  is  a 
succession  of  coarse  grained  calcai'eons  sandstones,  shales,  and  silicions  lime- 
stones.    ... 

'*The  lower  sandstone  .  .  .  seems  to  be  made  up  almost  wholly  of  cast?  of 
Orlhie  oblata,  Rhynchonella  venlricosn,  and  undetermined  MerisleUa. 

"The  silicious  limestone  yielded  Aspidocrimis  sculelliformiSt  Atrypa  relictdarh, 
Strophomena  rftomboidalig,  Spirifer  cyclopterus,  Rliynchondla  nudeolata,  OriJiis  ot^iata^ 
etcetera." 

In  eastern  Tennessee,  the  Helderbergian  is  not  known,  but  in  the 
western  part  of  the  state  these  beds  are  from  20  to  100  feet  thick.  The 
fauna  here  is  essentially  that  of  the  New  Scotland  beds  of  New  York. 
In  Missouri,  the  thickness  is  given  as  175  feet,  and  in  Union  county. 
Illinois,  the  lower  200  feet  of  the  **  Clear  Creek  limestone  "  are  assigned 
to  the  Helderbergian. 

♦Proc.  Am.  Phil.  Soc,  August,  1K«0. 
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Until  recently  no  other  region  for  these  strata  was  known  south  or 
west  of  Tennessee  and  eastern  Missouri.  In  1891  Mr  Hill  discovered 
and  Professor  Williams  identified  the  Helderbergian  in  Indian  Terri- 
tory. The  fauna  there  contains  40  species,  and  is  given  in  another  place 
on  the  authority  of  Doctor  George  H.  Girty  *  Mr  Taff  describes  the  In- 
dian Territory  outcrops  as  follows  : 

"  Rocks  of  Lower  Helderberg  period,  as  far  as  known  in  Indian  Territory,  are 
limestones  and  occur  in  the  Chickasaw  Nation,  near  its  east  line,  in  townships  1 
south,  range  S east,  2  south,  range  8  east,  and  1  north,  range  7  east.  The  second  and 
third  localities  are  known  from  a  few  fossils  collected  from  highly  tilted  limestones 
found  between  black  shale  which  is  unconformably  disposed  above  and  thicker 
beds  of  Silurian  or  Ordovician  limestone  resting  below.  The  limestone  in  these 
two  localities,  the  one  upon  the  south  side  and  the  other  upon  the  north  side  of 
an  extensive  area  of  Silurian  and  Ordovician  limestone,  bears  westward  through  an 
unknown  distance  in  the  Chickasaw  Nation.  The  Lower  Helderberg  in  township 
1  south,  range  8  east,  is  in  the  Atoka  quadrangle  and  has  been '  surveyed  and 
mapped.  It  occurs  at  the  east  end  of  an  extensive  area  of  limestone  and  sand- 
stone, part  of  which  is  known  to  be  Lower  Silurian  and  Ordovician.  This  area  of 
Ix)wer  Helderberg  limestone  is  4}  miles  long  north  and  south  and  is  from  }  to  2} 
miles  wide.  The  beds  dip  eastwar  atd  a  low  angle,  and  are  overlain  unconlorm- 
ably  npon  the  north,  east,  and  south  sides  by  black  fissile  shale,  which  includes 
beds  of  flint,  chert,  and  limestone  segregations. 

"  The  collection  of  Lower  Helderberg  fossils  discussed  by  Doctor  G.  H.  Girty  in 
the  Nineteenth  Annual  Report  of  the  United  States  Geological  Survey  were  taken 
from  this  locality.  The  reference  of  these  rocks  to  the  Lower  Helderberg  is  based 
upon  and  due  to  Doctor  Girty*s  work. 

"  The  Lower  Helderberg  limestone  has  an  estimated  thickness  of  140  to  200  feet, 
and  its  strata  may  be  divided  into  two  and  possibly  three  stratigraphic  units. 
While  the  contrast  between  these  units  is  not  very  great,  it  is  sufficient  to  induce 
•lescription.  (I)  From  the  highest  stratum  in  contact  with  the  black  shale  down- 
ward through  95  feet  the  beds  are  light  yellow  or  white  limestone,  which  are 
occasionally  separated  by  marly  layers.  Many  of  these  limestone  strata  contain 
flint  and  cherty  concretions.  In  almost  all  the  beds  remains  of  fossil  shells  were 
ol)served,  and  many  especially  which  contain  chert  and  flint  bear  shells  beauti- 
fully preserved  in  chalcedony.  (2)  Next  below  there  are  50  feet  of  friable  layers 
of  yellow  limestone  interstratified  with  still  softer  marly  beds.  These  beds  are 
very  fossiliferons,  abounding  in  well  preserved  corals,  trilobites,  and  brachiopods. 
(3)  Continuing  downward  through  55  feet  thicker  l>eds  of  crumbling  limestone  are 
encountered,  which  have  yielded  no  well  preserved  fossils.  Some  of  these  beds  are 
granular  limestone  and  contain  fragments  of  fossils..  These,  as  suggested  by  Doctor 
Oirty,  may  prove  to  belong  to  the  Niagara  period,  as  do  the  beds  immediately 
below. 

**The  rock  below  these  non-fossiliferous  beds  is  a  massive,  whitish,  silicious, 
oolitic  limestone  15  to  30  feet  thick.  It  has  yielded  but  few  fossils  and  these  Doctor 
(jirty  refers  to  types  more  nearly  related  to  the  Niagara  than  to  the  Tx)wer  Hel- 
derberg period. 

♦Nineteenth  Ann.  Rep.  U.  S.  Geol.  Survey,  1899,  pp.  Mfi-fv'M),  .V.2-573. 
XLr-BuLL.  Gkol.  8oc.  Am.,  Vol.  11,  1899 
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'*  Below  the  oolitic  limestone  there  are  about  30  feet  of  shale  which  in  turn  Te»{» 
upon  Ordovician  limestone/' 

Other  Helderbergian  areas  are  described  by  Dana  as  follows: 

'*  The  Saint  I^wrence  tidal  waters  of  this  period  must  have  extended  westwani  to 
the  border  of  Vermont  and  Montreal  and  southward  along  the  Connecticut  valley. 
In  Canada,  in  the  line  of  the  Connecticut  valley,  Ix)wer  Helderberg  fossils  occur  in 
Dudswell  and  near  lake  Massawipi  and  Aylmer.  They  are  also  found  in  northern 
New  Brunswick,  northern  Maine,  near  Square  lake,  and  along  the  Gaspe- Worcester 
trough.  They  also  occur  in  southern  New  Brunswick  and  near  the  coast  in  Pem- 
broke, Maine,  with  many  fossils,  and  in  northern  Nova  Scotia,  within  the  limits  of 
the  Acadian  trough.*'* 

A  typical  Helderbergian  fauna  is  also  known  from  Kennedy  channel, 
latitude  80^-81°  north,  longitude  70°  west.  Doctor  Hayes  here  collectal 
the  following  species  identified  by  Meek  :  t 

Ztiphrenlis  Juiyesii  Meek.  AnoploUiecn  coiicnra  (Hall). 

Syrin goj)orn  ep,  nndet,  .  Spirifcr  iHrUimeUom^  UaW, 

Fnumtes  sp.  undet.  Loxtmema  (?)  knnei  Meek. 

LepLrna  rhombfndalis  (Wilckens).  Orihoceras. 

Strophmiella  headleyana  HaW?  Ilfunujt, 
StropJifodonta  beckii  Hall  ? 
Rhynchmella  sp.  undet 

HRLDRRBERGIAN  FAUNA 

Relation  to  Uie  Siluric, — From  the  appended  list  of  the  species  of  this 
fauna  and  their  distribution,  it  is  seen  that  no  less  than  426  are  descrilxMl, 
with  33  undescribed,  in  the  Beecber  collection.  Sixteen  of  these,  or 
about  3i  per  cent,  come  from  the  Niagaran  and  Manlius  formations.  If 
the  individual  species  are  examined,  it  is  seen  that  5  have  no  particular 
stratigraphic  value :  Favosites  goUandicm  Billings  is  probably  a  lax  i<ien- 
tification  ;  Ilalysites  catenularin  is  also  known  in  the  Trenton  and  Niagara ; 
IjepUrjia  rhomboidolis  exists  from  the  Trenton  through  nearly  all  the  in- 
termediate horizons  into  the  base  of  the  Lower  Carbonic;  Orthoikein 
auhplaniis  belongs  to  a  genus  having  no  particular  significance  excepting 
its  post-Ordovicic  development,  and  Atrypa  reticularis  begins  near  the  base 
of  the  Siluric,  and  is  continuous  throughout  the  Devonic.  If  the  doubt- 
ful species  and  those  not  characteristic  of  the  Siluric  are  eliminated,  as 
Favosit^s  gotlandiacs,  Haly sites  catennlaria^  Atri/jm  reticularis,  and  LepUrnn 
rhomboidalis,  the  Helderbergian  will  be  found  to  derive  but  10  forms  in 
its  fauna  of  459  species  from  the  Siluric;  t.  e.,  3  from  the  Niagaran  and 
8  from  the  Manlius.     This  is  a  little  more  than  2  per  cent. 


♦  Vnnn :  Manual  of  GooloRy,  4th  ed.,  18f>r.,  p.  :«•«, 

t  Amor.  Jour.  S<'i.,  IHO.'i,  p.  31.    Th«*  Hpooimons  ar<»  in  tli«  U.  H.  National  MuMMim. 
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Everywhere  in  the  Cayugan,  there  is  a  scarcity  of  normal  marine  life, 
and  this  is  })articularly  true  of  the  Salina  and  Kondout  stages.  The 
Molluscoidea  and  Mollusca  are  generally  absent.  On  the  other  hand, 
the  ostracods,  phyllocarids,  and  particularly  the  eurypterids,  are  the 
prevalent  fossils.  With  the  exception  of  the  ostracods,  not  a  single 
species  of  phyllocarid  or  eurypterid  is  known  in  the  Helderbergian  in 
any  of  the  areas  from  Maine  to  the  Indian  Territory. 

With  these  facts  there  is  presented  a  great  paleontological  break  be- 
tween the  Siluric  and  Devonic  at  the  top  of  the  Cayugan  group.  The 
succumbing  of  the  normal  marine  faunas  of  the  Niagaran  group  is 
undoubtedly  associated  with  the  red  gypsiferous  and  saliferous  sedi- 
ments of  the  Cayugan  group.  If  the  latter  had  a  normal  marine  fauna 
instead  of  one  of  peculiar  Crustacea,  the  continuity  of  life  from  the 
Niagaran  to  the  Helderbergian  would  be  probably  complete.  However, 
in  most  areas  outside  of  New  York  and  Ohio,  there  is  a  great  hiatus 
between  the  Niagaran  and  the  Helderbergian,  which  tends  to  make  a 
clear  and  easily  discoverable  line  for  field  geologists  in  separating  the 
Siluric  from  the  Lower  Devonic. 

Rdatian  to  the  Devonic.^ — In  New  York,  where  the  Helderbergian  is  best 
developed  and  its  fauna  well  known,  there  are  364  described  species, 
with  33  new  ones  in  the  Beecher  collection.  Of  this  fauna  more  than  9 
per  cent  go  into  the  Oriskanian  (this  fauna  has  17  per  cent  of  Helder- 
bergian species).  It  is  therefore  evident  that  specific  identity  is  greater 
between  the  Helderbergian  and  Oriskanian  than  between  the  former 
and  the  Siluric.  f 

Having  examined  the  numerical  specific  relationships  of  the  Helder- 
bergian, its  Siluric  and  Devonic  aspects  will  now  be  pointed  out.  It  is 
needless  to  go  into  great  detail  at  this  time,  as  Clarke  X  did  this  work  some 
years  ago.     Therefore  the  more  prominent  features  only  will  be  treated. 

The  trilobites  are  usually  regarded  as  of  first  importance  for  strati- 
graphic  correlation.     In  the  Helderbergian  there  are  the  following  genera 


*  The  writer  admits  the  unoqiiiil  iirKumeiit  in  contrasting  the  Helderbergian  on  one  Mide  with 
the  Niagaran  and  on  the  other  with  the  Orinkanian.  The  Helderbergian  and  Ori.Mkanian  have 
ni'arly  continuous  faunaa,  but  between  the  farmer  and  the  Niagaran  intervenes  the  Cayugan  group^ 
of  which  a  meager  fauna  in  known.  Howover,  the  es.seutial  question  is,  Has  the  Helderbergian  a 
^iima more  Devonic  than  Siluric  in  aspect? 

tThe  Siluric  Manlius  limestone  has  2C  species.  Of  thene  3  are  also  in  the  Cooymans  and  3  in 
the  New  Scotland. 

Th<?  Toeymanfl  limostono  has  5«  species.  Of  thene  15  (2G  per  cent)  are  also  in  the  New  Scotland 
t»'<ii«,  and  5  (or  nearly  10  per  cent)  ptiss  throuj^h  into  ttie  Becraft  limestone  ;  4  (or  7  per  cent)  also 
•x'cur  in  the  Oriskanian. 

The  New  Scotland  has  rflW  species.  Of  ihcMc  1.')  come  from  the  Coeymans,  while  IS)  (or  10  per 
<*>'nl)  pass  upward  into  the  Hecraft  limcNtone.  and  'Xi  (or  II  per  cent)  also  occur  in  the  Oriskanian. 

The  Becraft  limcMtone  has  44  species,  of  which  ifjcome  from  the  New  Scotland,  and  12  (or  27  per 
''ent)  pnsH  into  the  Oriskanian  above. 

I  The  Hercynian  (Question,  Forty-second  Ann  Kept.  N.  Y.  State  Mus,,  188a. 
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or  subgenera :  Homcdonotus^  Bronteus,  Dalmanites,  Proholium,  Odatvtocheik 
Phacopa^  AcidaspUi,  Lichas,  Oordania,  Proetus,  and  Ctjpfuispia,  This  enu- 
meration fails  to  present  some  of  the  most  characteristic  fossils  of  the 
American  Siluric,  as  Bumastus,  Euannunis,  SpfuerexochtiSyCheirurm^Calym' 
viene,  and  particularly  Ulasnvs  so  prolific  in  species.  Of  the  abundant 
Siluric  eurypterids  and  of  Ceratiocaria,  none  occur  in  the  Helderbergian. 
On  the  other  hand,  the  Helderbergian  trilobites  of  the  genera  Brontem^ 
Phacops,  Acidaapis,  and  Oordania  have  decided  Devonic  affinities,  while 
DdLmaniies  (^Odontocheile)  is  rather  Devonic  in  development,  although 
there  are  related  species  present  in  the  Siluric.  Qdyinmene  again  ap- 
pears in  the  Onondaga. 

The  brachiopods  may  also  be  regarded  as  of  prime  importance  because 
of  their  wide  distribution,  abundance,  and  specific  differentiation.  In 
the  Helderbergian,  there  are  no  less  than  137  species.  A  Devonic  aspect 
is  indicated  in  the  large  size  attained  by  most  of  the  species,  and  the 
abundant  specific  development  of  the  subgenera  Rhi'pidon\dUi  and  Dal- 
vianella,  Christiania  and  LepUermca  are  genera  in  which  the  shell  is  an- 
chored directly  to  some  foreign  object,  but  this  feature  is  unknown  in 
earlier  faunas,  and  becomes  more  and  more  marked  in  the  later  Devonic 
and  Carbonic.  Chonostrophia  is  introduced  in  the  Helderbergian  and  is 
continued  into  the  Middle  Devonic.  SlropJieodonta  and  Slroj)honeIIa, 
which  are  represented  by  few  and  generally  small  species  in  the  Siluric, 
are  here  present  in  great  force  and  large  size,  recalling  strongly  the  Mid- 
dle Devonic.  As  to  size  and  abundance,  the  same  is  true  of  the  Rhyn- 
chonellas,  while  LisHopleura  and  Eatonia  are  unknown  in  the  Siluric. 
Gypidiila  galecda  and  Andstrophia  vemeuili  are  good  Siluric  stragglers,  but 
also  denote  a  younger  age  in  their  greater  size.  The  Spirifers,  while  in- 
dicating the  Siluric,  point  without  exception  to  post-Siluric  age  in  their 
larger  size  and  abundance ;  a  characteristic  Devonic  aspect  not  beinjr 
attained  before  the  later  Oriskany.  The  Retzias  betoken  post-Siluric  a<;e 
in  their  size  and  greater  specific  differentiation,  while  the  finely  plicateil 
form  of  Middle  Devonic  time  has  here  its  first  a])pearance  in  Parazygn. 
Mcristella  is  unknown  in  the  Siluric,  but  in  the  Helderbergian  there  is 
an  abundance  of  this  genus,  and  some  of  the  forms  have  almost  specific 
identities  in  the  Middle  Devonic.  However,  the  most  decide<l  Devonic 
brachiopod  facies  is  in  the  loop-bearing  genera  Keiisselseria,  IVigerifiytiwd 
Cryptanella.  Not  one  of  the  Terebratulacea  is  known  in  the  Siluric,  while 
in  the  upper  portion  of  the  Lower  Devonic,  both  in  America  and  Europe, 
the  genera  RemseUer'ia,  Meganterisy  and  Trigerui  have  a  size  rarely  attained 
by  any  subsequent  terebratuloids. 

On  the  other  hand,  of  the  characteristic  Siluric  trimerelloids  of  the 
genera  DinoholuSy  Rhinobolus,  Monomorella,  and  TVlmerella,  not  one  is 
present.     Of  the  strophomenoids,  Plectambonites,  Streptis,  Mimidxis,  and 
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Trifleeia;  of  the  orthoids,  Platystrophia  ;  of  the  pentameroids,  Capelliniay 
Pentamerus,  and  Conchidium;  of  the  spire-bearing  families,  Meristina^ 
WhitfiddeUa^  Hyattella,  (UhUonelUi^  Iluidella,  and  Hovueosplra — and  Eich- 
icaldia  or  Dktyonclla,  Parastrophiuj  and  Rhynclmlreta  fail  to  have  a  single 
representative  in  the  Helderbergian  or  any  younger  formation.         * 

Thegastropods  of  the  Helderbergian  undoubtedly  indicate  theDevonic, 
in  the  prolific  development  of  the  platyceroids  of  which  there  are  about 
Ji8  species.  They  are  very  closely  linked  with  tlie  Oriskany  forms.  Even 
the  Siluric  genera  Strophostyliia  and  Diaphorostoma  (=  Platyostoma)  show 
proj^reasion  in  their  larger  species. 

The  pelecypods  are  rather  scarce,  but  the  abundance  of  Aviculopec- 
teaidaj  points  rather  to  the  Devonic  because  of  their  paucity  in  the  Siluric. 
The  Devonic  genera  Actinopteriu  and  Paracyclas  begin  here.  0th er  genera 
with  undescribed  species — Grammyda,  Goniophoi^a,  OrOionotay  Nuciditea, 
and  Maminka — are  present.  The  specimens  are  in  the  Beecher  collec- 
tion in  Yale  University  Museum. 

In  the  abundance  of  fenestelloids  and  tistuliporoids,  the  Bryozoa  are 
•greater  than  in  the  Siluric,  and  more  in  harmony  with  the  younger 
Devonic  faunas. 

The  crinoids  of  the  Helderbergian  are  often  fragmentary  and  for  that 
reason  the  following  genera  may  be  dropped  from  this  review  :  Aapido- 
crltius  may  be  based  on  roots,  and  probably  also  Camarocrhms,  while 
Hrachiocrinus, or  rather  Heiyetocrlniis,  is  only  known  from  fragments.  The 
other  genera  found  here  are  Homocrimcs  and  Mehcrinu^,  ranging  from  the 
Siluric  to  Middle  Devonic ;  Marlacrinus,  Qtrdijlocrlnus,  and  Marsupio- 
crinus,  found  either  in  the  Ordovicic  or  Siluric,  and  Edriocrinus  in  the 
Oriskany  and  Middle  Devonic.  Thus  far  the  evidence  points  to  a  Siluric 
facies  for  the  crinoids.  However,  the  negative  evidence — that  is,  the 
al>sence  of  characteristic  Siluric  genera — Ichthyocrinus,  Lecanocrinus, 
Mncrostylocrintis,  GlypUmUr^  Dimcrocrinus,  Lavipterocrinus,  Lyrioa-inus^ 
Knc(dyptocrimi8,PlsocrinaSy  and  Stepfumocrlmts — furnishes  indications  tliat 
the  crinoid  development  of  the  Helderbergian  is  markedly  varied,  and 
not  Siluric  in  character.  Of  these  genera  but  two — Lecanocrmiis  and 
Eacidyptocrinus — recur  in  the  Devonic  of  Germany,  each  with  one  species. 

From  the  foregoing  summary  of  the  Helderbergian  fauna  it  is  evident 
that  most  of  the  characteristic  Siluric  genera  of  trilobites,  brachiopods, 
and  crinoids  are  there  absent.  This  might  be  expected,  for,  as  has  been 
seen  in  the  previous  chapter,  about  2  per  cent  of  the  Helderbergian 
fauna  are  derived  from  the  Siluric.  On  the  other  hand,  in  some  of  the 
trilobites,  Bryozoa,  and  pelecypods,  many  of  the  gastropods,  but  more 
particularly  in  the  diversified  brachiopods,  are  met  organic  groups, 
which  in  their  culmination  are  characteristic  of  the  Devonic.  It  can 
not  be  denied  that  the  Helderbergian  fauna  has  a  Siluric  facies,  yet 
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these  types  either  have  greater  dififerentiation  in  species  or  the  forms  at- 
tain a  lai^er  size.  The  fact  that  9  per  cent  of  the  Helderbergian  fauna 
pass  into  a  generally  accepted  Devonic  horizon,  the  Oriskany,  outweighs 
the  evidence  of  a  Siluric  facies  and  specific  derivatives.  The  writer 
therefore  concludes  that  the  Helderbergian  has  a  fauna  unlike  the 
Siluric,  but  one  in  harmony  with  the  Devonic  and  its  position  near  the 
base  of  that  system. 

Neither  of  the  Helderbergian  zones  can  be  regarded  as  the  deeper 
water  facies  of  the  littoral  Oriskany,  not  only  because  the  fauna  of  the 
latter  has  a  more  decided  Devonic  aspect,  but  also  for  the  fact  that 
wherever  the  two  formations  are  present  the  Oriskany  alwaj's  overlies 
the  Helderbergian.  As  far  as  known,  there  is  no  interlamination,  and  in 
New  York,  where  the  stratification  is  simple,  there  is  a  regular  sequence. 
Where  the  older  Oriskany  is  absent  there  is  a  slight  unconformity  between 
the  Helderberg  and  the  later  Oriskany.  This  unconformity  becomes  a 
decided  one  in  going  from  eastern  to  central  New  York,  because  the  later 
Oriskany  gradually  comes  to  overlie  successively  the  various  members 
of  the  Helderbergian  and  finally  the  Gayugan. 

Table  of  the  Helderbergian  Fauna  * 

C  =  Coeymans  limeHtoae ;  S  =^'ew  Scotland  beds  ;  B  =  Becrafts  limestone. 
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RhyncliotremaformoBum  (Hall).    8415, 10594,  26017 . 
CamaroUexihia  ventricosa  Hall.    8416,  5059,  4106, 

10592,  26044 

fEatonia  medialis  (Vanuxem).    10598, 17168,27089. 

**      aninens  Hall 

**      »in^u^irt»(  Vanuxem).   10599,14773,27807, 

27808 

t     **      peculiarU  (Conrad) .% 

^Spirifer  cycloptenAsUaM  4117,10578,27811-27815. 
'  *      conAnnus  Hall.   3886, 10579, 26035, 27817, 
27gig 

'*      {DeUhyrUyperiamdlosi^'Hkil  ' '^^ 

10580,  17163,  26027,  27819-27821 

**     (DelthyrU)  raricosta  (Conrad) 

**     7/Mi<Topimra  (Conrad).    3875,10577,17164, 

27810 

**     saffordi  Hall 

**     Uiiuistriattis  Hall 

"     odocostaiui  Hall.     27816 

•tJtieticiUaria  modesta  (Hall) 

**         n2/m/)/ia  (Billings) 

Oyrlina  dalmani  (Hall).     4 140 

IVematospira  perforata  Hall 

dubia  (Billings) 

t         •*  muUistriata  Usll     ia589 

**  equiMriata  Hall  and  Clarke 

**  costala  Hall 

**  hippolyte  (Billings) 

**  nmplex  Hall 

**  maria  (Billings) 

"  tennesseenmn  Hall  and  Clarke 

Rhijnchospirn globoaa Hall.  4138,4225, 10586,27829. 

"  eleclra  (Billings) 

*         •'  formoMi   Hall.     4135,   4224.    4226, 

10489,  10585,  27827,  27828 

Pnrazyga  deweyi  Hall  

NucUoitpira   vaUricosa  Hall.     4147,   7488,   10584, 

26029,  27831 

*t       **  elegans  H&W 

* '  coiiceiUricn  Hall 

*-tAtrf/pa  retinUarls  Linn6.    4113,  4219,  8365,  8418, 

105<K),  26028,  26036,  27822-27824 1 C  B 

Annplotlu'ca  coticam  (Hall).     4110,  17162,  17167,  I 

105<S8,  26021,  27826,  27834 |    S 

t         "  flnbellUeii  (Conrad) ]   . . . 

*•  snbconcdva  (Meek  and  Worthen) • 

Airi/pimi  imbricaUi  Hall.     10587.  2<K)20,  27«-'5 1    S 

*t  MerUtella  Arm  ( Vanuxem)  ?    7490, 10583,  26040 . '  C  S 

(?)  IxiiM  {Hb\\) I    S 

*         •'        6^;/Za  (Hall).     10582 S 
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MerisUUa  (?)  biancha  (Billings) 

'*       subquadraia  Hall 

t     •*       arcuala  HaW,    17165,27832 

"       var.  aioka  Girty 

"       meekiliaW,    3772 

t     "      pnnceps  Hall.    8420,  26016,  27837 

WkUfieldeUa  (?)  MstUcala  ( Vanuxem) 

(?)  harpalyce  (Billings) 

MeriMa  typus  Hall 

*'     typus  elongata  (Hall) 

"     tennesseengU  Hall  and  Clarke.     27835 

Retu$el^eria  mutabilU  Hall.    26042,  27836,  27875. . 
sequiradiaia  (Conrad).     26022,  27837. . 

eUiplica  HaM  

Trigeria  (?)  portlandica  (Billings) 

tYyplonella  (?)  eximia  Hall  (New  York  ?) 
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Pelecypoda,  48  species. 


Cypricardinia  lamellosa  UaW 

(?)  doraoto  Hall 

t        "  {f)9ublamellosaHtLil 

**  {?)  cancentnca  Hall 

"  croMoHall 

yiegatnbonia  suborbicularU  Hall . " 

'*  gpimieri  Hall 

**  rJumibaidea  Hall  

*'  myliloidea  Hall 

t      "  obscura  Hall 

latalltiU   

oblonga  Hall 

*'  n.  sp.  (Beecher  collection) 

*Pimnta  avietUoidea  Hall.     10604 

^tijt'Uarca  cordiformis  Hall 

I'IrUiomytilus  mytilimerU  (Conrad).     10605 

2n.8p 

Anoila  if)  naviformU  Conrad.     26030 

"      (?)  Umuilamellata  UaW    

**      (?)  mbxquUalera  Hall. 

(?)  2  n.  sp.  (Beecher  collection) 

AviculojtecUn  spinulifera  Hall 

"  icfioharix  Hall 

"  umbonata  Hall 

*'  maniicnla  (Conrad) 

"  obliqfuata  (Hall) 

'*  sequiradiaia  (Hall) 

communis  (Hall).     10603,  27838.. 

"  pauciradiata  (Hall) 

**  beUula  (Hall).    4810 
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Aviculopecten  securitormi^  ( Hall).     10602 

fAclijiopteria  textilis  (Hall) 

t  onocardium  i7ictj}lnm  Hi\\l.     (Also  Paleontology 

or  New  York,  vol.  v,  part  i.) 

**  n.  sp.  (Beecher  collection) 

Grammysia  n.  8p.,  Ooniophora  n.  8p.,  l*ar(ici/cias 
n.  8p.,  Nttcula  3  n.  sp.,  Orttionota  n.  sp.,  Aucu- 
lUes  n.  sp.,  Mamlnka  n.  sp.,  Modiolopm  n.  sp 
( Beecher  collection) 


(ia8tro])0(la,  54  species. 


*Holopea  arUiqaa  (Vanuxem).     10625 

**        danai  Hall 

*       •*        (?)  elongala  Hall 

Loxoiieina  emdceratum  Hall.     (Syn.  L.  aUenucUum 

Hail.) 

JUchi  Hail 

**  (?)  obtusum  Hall 

**  (?)  compactum  Hall.     4833,  10624 

**  planogyrcUum  Hall , 

Murchisonia  bilirata  Hall 

^ Diaphorostoma  ventricosa  (Conrad).     10621 

'*  depressa  (Hall) 

(?)  mbofigulala  (Hall) 

**  arenosa  (Conrad) , 

StropfLt)$tyliM  ekgans  Hall 

"  ghbosus  Hall , 

**  obtimis  Hall 

*  *  iiepreami^  Hall , 

fitchiiltiW 

**  (?)  rolumUUm  Hall 

^  l*latyceras  veiUricomm  Coniud 


gcbhardi  Conrad.     10622, 

robustujH  Hall 

sinualum  Hall 

billingsi  Hall • 

trUobaitim  Hall.     4123,  10616 

uiiisulcdtum  Hall 

taiuUinUum  Hall.    10013,  27844.  27845 . 
muUhhnintum  HrW.  10614,27843.  (Syn. 

F,  bmnuafum  and  P.  peidalobm  Hall.) 
retormm  Hall.     10609,  10617 
iniermediuvi  Hall.     10611... 
unguiforme  Hall.     10610,  25989,  27846. 

(Syn.  P.  pei'pliciUum  And  P.  plicaUle 

Hall.) 

dilatatum  Hall.     4124, 10612.     (Syn.  /*. 

gibbosum  ?iXiiX  P.  sulcoplicdtum  Hall.) 
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PlfUycems  plaiystoma  Hall.     10615,  27991 

bmilcalum  Hall 

"       ttdmndaium  Meek  and  Worth  en 

pUeiforme  Ua\\.     10619 

calantiea  Hall.    8425,  10018 

"        obefum  Hall 

lameUomm  Hall.     10607,  27842 

^rah  Hall.    10606.    (Syn.  P.  tubiforme 

and  i*.  incii^  Hall) 

"        newberryi  Hall 

' '       pUcaium  Con  rad  (Sy  n .  P.  elongatum  Hal  I ) 

**        pyramidaium  Hall 

"        arcuaium  Hall 

**        undulostriaium  Hall 

"        claratum  Hall  (Syn.  P,  curmrostrum,  and 

P.  agresU  Hall),    n 

HerryiieUa  perlata  (Hall).     10620 

I'Imrotomaria  labrosa  Hall 

*'  n.  sp 

Kuomphalus  decoliaius  Hall.    25990.    (Syn.  JH.  dit- 

jfivcius  Hall) 

"         sinuatus  Hall 

linmnia  profunda  ( Vanuxein).     10626,  25987 

"      n.  sp.  ( Beecher  collection) 

BfUrrophon  n.  ep 


Pterojwda,  6  species. 

(hmil/iria  piframidalis  Hall 

*'        hmUann  Hall    

HijolUhes  centmnialM  Barrett 

'*      heros  Hall 

"      n.  sp.  (Beecher  collection) 

t  Tniitiodiies  elongaius  Hall.     10(>27, 17176,  2(K)46. . 


Cephalopoda,  10  species. 

OrtiifKeras  longicameraium  Hall.     25996 

rigidum  Hall.     25995 

mbtextile  Hall 

"        desiderata  Hall  (Syn.  V.  clavitlnvi  Hall)  . 

**        Unuiannulalum  Hall 

**        helderberg'ne  Hall 

"        pertflrUttum  Hall 

"        rude  Hall.     25997 

"       panci^fptum  Hall 

"       n.  8p.  ( l^eeclier  collection) 
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jEc^mina,  2  n.  sp.  (Beecher  collection) 

LeperdUia  hudsonica  Hall 

"        subquadraia  Jones  (D8.  Penn.) 

**       labrom  Jones  (cape  Bon  Ami) 

Beecherella  carinata  Ulrich 

*•          mbiumida  Ulrich 

**          subtumida  intermedia  Ulrich 

**          omta  Ulrich 

**          crisiata  Ulrich 

**          navicula  Ulrich 

*'          angularis  Ulrich 

Beyrichia  granulcUa  Hall 

•*        ocvUina  Hall 

••        arcuata  (Bean)  (cape  Bon  Ami) 

*KUxdenia  acadica  (cape  Bon  Ami) 

*      *'          notaia(H&\\),     10551,10552 

**          TioUUa  veniricosa  Hall 

"          penruyhmnica  Jones.     (DS.  Penn.) 

BrarUeus  barrandei  Hall 

**       fx/mvilius  Billinss 

*  *        canadensis  Logan 
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PrcBtus  protuberans  Hall.    4822 
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"     Junius  Billings 

t  ffomalonotus  t^nuncemi  Hall 
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Ceraurus  tarquinius  Billings 

Cordania  cyclurus  (Hall  and  Clarke) 
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**        macrobitu  (BillinjM) 

Cyphaspis  ccelebes  Hall  and  Clarke 
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tDalmanites{OdmUochile)pleuropiyx  (Green).  4231, 
5002,  5003,  4958, 10630, 14775.  25992, 
25994 
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"         (0.)  micrurus  (Green).    4946,  27852, 
27853  
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X 

**         (Odontocephalus)  n.  sp 

**          (Probolium)  tridens  (Hall) 

*  *                 • «           tiidentiferus  ( Sh  umard ) 
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**                 *•           natnUus    (Conrad).     4150, 
4803,  49.34 

SB 
SB 

•*         {Corycephains)  dentaius  (Barrett) 

**         eDicraiis  Billinsrs 
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Uchii  (Conolichas)  bigsbyi  flail.     4820 

**  puttiiloms  Hall.     4861,  4950. 

**      (Arges)  comanguitteua  Clarke. 

tAcUiaspis  ttiherculata  (Conrad).    4949 

*'  (Dicranurus)  hamala  (Conrad) 

LepulocoUwi  polypetalus  Clarke 
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ORISKANIAN  SUBDIVISIONS 

Stratigraphic  navies  applied  to  the  Oriskanian. — The  Oriskany  formation 
was  noticed  by  Eaton,  who  named  it  "  Shell  Grit."  During  the  progress 
of  the  New  York  Geological  Survey  it  was  studied  in  detail,  and  was 
known  as  the  "  White  sandstone,"  or  the*' Grey  Brachiopodous  sand- 
stone." In  1839  Vanuxem  gave  it  its  present  name  from  Oriskany  falls. 
Clarke  has  called  its  fauna  the  "  Hipparionyx  Fauna,"  which  practically 
comprises  all  that  was  known  as  the  Oriskany  prior  to  1892.  In  Penn- 
sylvania, the  Oriskany  is  called  division  *'  Number  7  ; "  in  Maryland  and 
V'irginia,  the  *' Monterey  formation;  "  in  northern  Alabama, the  "Frog 
Mountain  sandstone ;  "  in  western  Tennessee,  "  Camden  chert; "  and  in 
southwestern  Illinois, "  Clear  Creek  limestone."  In  northeastern  Canada 
the  formation  is  present  in  divisions  7  and  8  of  the  "  Gaspe  limestone," 
and  it  may  also  continue  into  the  lower  portion  of  the  "  Gaspe  sand- 
stone." Possibly  the  formation  has  received  other  names,  but  no  par- 
ticular pains  has  been  taken  to  collect  them,  since  the  first  geographical 
name  is  the  Oriskany  of  Vanuxem. 

OenercU  character  and  distribution  of  the  Oriskanian, — In  a  general  way, 
it  may  be  said  that  the  Oriskany  formation  extends  with  many  interrup- 
tions along  the  eastern  and  northern  flanks  of  the  Helderberg  mountains 
of  New  York.  Along  the  northern  side,  the  Upper  Oriskany  only  is 
known  to  be  present,  exceedingly  variable  in  thickness,  but  never  more 
than  30  feet,  diminishing  in  volume  and  resting  westwardly  upon  the 
successive  lower  horizons  of  the  Helderbergian  and  finally  on  the  Siluric. 
In  the  region  of  Cayuga  lake  it  is  sparingly  present,  and  is  practically 
absent  west  of  Ontario  county,  the  Corniferous  or  Onondaga  then  rest- 
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ing  directly  on  the  Salina  or  Waterlime.  Beyond  the  Niagara  river,  to 
the  northwest  of  Cayuga,  in  Ontario,  the  Oriskany  reappears  irregularly 
over  a  very  limited  area,  again  overlying  the  Salina,  and  is  from  6  to  *25 
feet  thick.  Southerly,  along  the  western  side  of  the  Hudson  river,  the 
Upper  Oriskany  is  very  intermittent  and  often  but  2  or  3  feet  thick.  On 
Becraft  mountain  there  is  an  outlier  of  Oriskany.  In  Orange  county, 
the  Oriskany  again  appears  to  thicken,  and  in  the  Neversink  valley  the 
thickness  is  about  125  feet,  and  at  this  point  it  is  intimately  connected 
with  the  Helderbergian.  In  New  Jersey,  and  particularly  in  the  eastern 
Appalachian  folds  of  Pennsylvania,  the  Oriskany  in  its  lithologic  char- 
acter is  ever  changing  from  sandy  shales,  sandstones,*  and  chert  beds  to 
coarse  conglomerates.  Its  thickness  also  increases  from  north  to  south ; 
in  northeastern  Pennsylvania  it  is  from  50  to  125  feet  thick,  and  on  the 
Lehigh  river,  below  Bowmans,  it  is  fully  200  feet.  Continuing  south- 
westerly with  the  Appalachian  folds,  coarse  grained  sandstones  predomi- 
nate. In  the  region  about  Cumberland,  Maryland,  the  Oriskany  is  said 
to  be  300  feet  thick,  but  probably  is  much  thicker.  It  is  well  developed 
in  the  vicinity  of  Monterey,  Virginia,  but  southwesterly,  near  the  state 
line  of  Tennessee,  the  thickness  has  decreased  to  40  feet.  Throughout 
the  Appalachian  region,  from  New  York  to  Virginia,  it  follows  upon  the 
Helderbergian,  but  near  the  Tennessee  state  line  it  begins  to  rest  on  the 
Clinton. 

In  eastern  Tennessee  no  Oriskany  is  known,  yet  it  reappears  as  a  sand^ 
stone  with  chert  beds  of  about  20  feet  thickness  in  the  adjoining  counties 
of  Floyd,  Georgia,  and  Cherokee,  Alabama.  The  Oriskany  here  uncon- 
formably  overlies  horizons  from  the  Middle  Cambric  to  the  top  of  the 
Champlainic  or  Ordovicic. 

In  southwestern  Illinois  cherty  limestones  of  about  200  feet  thickness, 
followed  by  a  sandstone  from  40  to  60  feet  in  depth,  constitute  the  Oris- 
kany formation,  which  is  here,  as  in  southeastern  New  York,  intimately 
connected  with  the  Helderbergian.  The  Oriskany  of  Illinois  is  know^n 
along  the  Mississippi  river  in  three  counties,  and  again  appears  in  western 
Tennessee  as  a  white  chert  horizon  of  about  60  feet  thickness.  It  thus 
thins  out  rapidly  toward  Tennessee,  and  only  the  Lower  Oriskany  per- 
sists there  with  Helderbergian  shales  and  limestones.  Elsewhere  in  the 
United  States  the  Oriskany  is  unknown,  although  the  Helderbergian  is 
well  develo])ed  in  Indian  Territory. 

In  eastern  Canada  there  are  two  areas  of  Oriskany  outcrops ;  typically 
in  the  region  about  Cayuga,  Ontario,  as  previously  mentioned,  the  other 
area  being  in  New  Brunswick,  on  Campbell  river,  about  Gaspe,  Quebec, 
and  about  Nictou,  Nova  Scotia.  In  Gaspe,  it  is  a  limestone  formation, 
and,  as  in  New  York  and  Illinois,  is  intimately  connected  with  the 
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Helderbergian.  In  thickness  it  is  not  less  than  800  feet,  and  as  a  few  of 
the  typical  Oriskany  species  continue  into  the  sandstones  above,  prove 
that  some  of  this  depth  is  to  be  included  with  the  Oriskany  or  with  the 
Esopus  grit,  of  which  fauna  in  the  typical  area,  New  York,  practically 
nothing  is  known. 

The  detailed  distribution,  lithologic  character,  thickness,  and  local 
faunae  are  given  in  full  further  on  (see  pages  300-331). 

Omkanian  fauna. — As  a  rule  the  Oriskany  formation  consists  of  littoral 
deposits,  often  of  a  very  coarse  nature.  When  it  is  remembered  that,  in 
addition  to  this  fact,  the  formation  has  very  limited,  usually  linear  ex* 
posures,  it  is  remarkable  tliat  its  fauna  should  consist  of  185  species. 
Chief  among  these  are  the  brachiopods.  of  which  97  species  are  known. 
They  are  the  most  abundant  fossils,  and  their  generally  larger  growth 
at  once  marks  the  Oriskany  as  one  of  the  easily  recognized  American 
Paleozoic  faunas. 

In  spite  of  the  characteristic  expression  of  the  Oriskany  fauna,  it  is 
remarkable  that  it  should  be  so  intimately  connected  both  with  the 
Helderbefgian  and  with  the  Onondaga.  Its  affinities  with  the  former 
are,  of  course,  due  to  the  recent  discovery  of  a  lower  Oriskany  fauna. 
Of  the  185  species  included  in  the  Oriskany  fauna,  31,  or  17  per  cent, 
conoe  from  the  Helderbergian,  while  54,  or  35  per  cent,  pass  into  the 
Onondaga.  Of  the  Helderbergian  species,  24  pass  into  the  Lower 
Oriskany,  17  into  the  Upper  Oriskany,  and  5  through  both  into  the 
Onondaga.  The  last  are  Favorites  conicus,  F,  gotlandicuSj  Leplssua  rhovi- 
baidalis^  Atrypa  reticulans,  and  Dalmanites  pleuroptyx.  The  Lower  and 
Upper  Oriskany  zones  have  43  species  in  common,  or  a  little  more  than 
23  per  cent.  These  figures  prove  that  the  Oriskany  is  intimately  con- 
nected with  the  Helderbergian  and  Onondaga.  This  is  still  more  forci- 
bly brought  out  when  it  is  stated  that  of  the  Becraft  fauna,  the  one  im- 
mediately beneath  the  Oriskany,  not  less  than  27  per  cent  of  its  species 
pass  into  the  Oriskany.*  Ail  these  figures  are  in  strong  contrast  with 
the  very  few  species  which  pass  from  the  Niagaran  and  Cayugan  forma- 
tions into  the  Helderbergian.  Of  these  there  are  9  persisting  forms,  or 
about  2  per  cent,  in  a  fauna  of  459  described  species. 

The  Lower  Oriskany  of  New  York,  Illinois,  and  Tennessee,  probably 
represents  a  fauna  practically  of  one  zone.  The  Upper  Oriskany,  how- 
ever, seems  to  have  three  overlapping  stages.  The  New  York  Hippa- 
rionyx  fauna  apparently  holds  a  central  position  ;  that  of  Cumberland 

♦Doctor  John  M.  Clarke  writes  that  the  lowest  Lower  Oriskany  beds  of  Becraft  moiintain  have 
"a  recurrent  shaly  limestone  fauna,"  after  which  tl»e  true  Lower  OriHkany  fauna  makes  its  ap- 
pearance. It  is  therefore  probable  that  the  percentage  here  given  will  be  reduced,  since  the  liHt 
f*yond  includes  these  beds  in  the  Lower  Uriskuuy. 
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is  older,  in  part  at  least ;  while  the  Cayuga,  Ontario,  zone  is  certainly  the 
youngest.  In  the  beds  of  the  latter  region  occur  most  of  the  Middle 
Devonic  species,  and  here  the  Oriskany  is  directly  overlain  by  the  Onon- 
daga limestone.  In  New  York  the  Esopus  intervenes  between  the  Oris- 
kany and  Onondaga  or  Schoharie,  and  the  time  interval  thus  indicated 
may  be  occupied  in  the  Cayuga  region  by  the  Oriskany. 

The  conspicuous  Devonic  character  of  this  fauna  is  the  presence  of 
Cysliphyllum^  Heliophyllum,  and  Phiilipsaslrea  among  the  corals ;  Strophe- 
odonta^  Hippnrionyr,  Pentainerella,  Amphigeiim,  Spirifers  with  long  hinges 
and  one  with  plicated  fold  and  sinus,  Amboadia,  Pentagonia^  and  partic- 
ularly Rensselxria,  MegaUmteriSy  and  Centrotiella  among  the  Brachiopoda ; 
Aciinopteria,  PaLvopinna,  and  Mylilarca  among  the  Pelecypoda ;  an  abun- 
dance of  large  platyceroids  among  the  Gastropoda ;  and  of  the  trilobites 
Phacopg,  Dalinanites  (Odotitocfieile)^  and  Dalmanites  (C%f«mo|>8). 

Table  of  (he  Oriakanian  Fauna 
(Named  Bpecies  only.     For  local  distribution,  see  pages  :{0(>-331.) 
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Summary 

In  pages  245-252  it  was  shown  that  the  upper  limit  of  Murchison's 
Upper  Silurian  has  been  and  still  is  vague,  because  the  normal  marine 
fauna  gradually  succumbed  to  local  conditions,  associated  with  the  i)ro- 
duction  of  red  sediments.  In  England  and  in  the  United  States  the 
eurypterids  are  the  prevailing  or  characterizing  fossils  of  these  land- 
locked waters.  Since  the  Tilestones  and  Downtonian  of  Great  BritAin 
are  approximately  synchronous  with  the  Cayugan  group  of  America,  it 
is  convenient  to  use  both  as  the  terminating  strata  of  the  Siluric  system. 
Stability  in  taxonomy  has  for  its  basis  original  definition  and  priority 
in  publication.  This  rule  will  not  permit  of  the  Siluric  being  extended 
to  include  the  Helderbergian,  which  contains  a  fauna  having  almost 
nothing  in  common  with  this  system  in  the  typical  area. 

The  Helderbergian  sea  transgressed  widely  over  the  land  areas.  Earth 
oscillations  appear  to  be  gentle  throughout  Lower  and  Middle  Devon ic 
times  in  eastern  North  America,  the  general  tendency,  however,  being 
one  of  transgression,  culminating  in  a  continuously  sinking  sea  bottom 
in  the  northeastern  Mississippian  sea  during  Upper  Devonic  time. 

The  Siluric  system  of  America  has  three  subdivisions — the  Omegan, 
Niagaran^  and  Gayugan,  These  correspond  to  the  English  Llandovery, 
or  Valentian;  Wenlock,  or  Salopian;  and  Ludlow,  or  Downtonian. 
The  English  and  American  Siluric  horizons  have  much  in  common,  as 
may  be  seen  by  the  table  on  page  251. 

In  pages  252-268  the  Old  Red  Sandstone  and  the  original  Devo- 
nian of  Murchison  and  Sedgwick  are  described.  The  lower  limits  of  the 
Devonic  system,  and  particularly  a  lowest  Lower  Devonic  fauna,  have 
not  been  indicated  by  Murchison.  By  general  consent,  the  stratigraphy 
and  paleontology  of  the  Devonic  system  have  been  determined  in  cen- 
tral Europe,  and  especially  for  the  Lower  Devonic  in  the  Rhineland. 

Since  de  Verneuirs  visit  to  America  (1847),  the  Oriskany  formation  has 
been  generally  accepted  as  the  base  of  the  Devonic  in  this  country.  It 
has  its  equivalents  in  the  Rhineland  in  the  Siegen  grauwacke,  or  zone  of 
Spirifer  primasviLa.  Similar  horizons  appear  in  part  in  the  Lower  Wieder 
Schiefer  of  the  Hartz,  in  the  hamlet  of  Erbray  in  the  lower  Loire,  France; 
at  Looe,  in  Cornwall,  England,  and  possibly  in  the  Lynton  slates  of 
North  Devon. 

All  the  foregoing  European  localities  are  of  accepted  Lower  Devonic 
age.  In  Rhineland  beneath  the  Siegen  grauwacke  are  great  masses  of 
other  liower  Devonic  rocks,  but  their  faunas  do  not  readily  correlate 
with  American  horizons.     While  part  of  the  fauna  of  the  Ix)wer  Wieder 
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Schiefer  of  Erbray,  and  of  the  Rhine  Geilinnian,  have  aspects  recalling 
the  Helderbergian,  no  well  established  equivalent  for  the  latter  is  known 
except  that  of  the  Bohemian  etage  F„  or  Konieprussian. 

Barrande's  Stages  F,  G,  and  H,  together  with  the  Lower  and  Upper 
Helderberg,  were  regarded  by  him  as  members  of  the  Upper  Silurian. 
This  interpretation  is  explained  by  the  fact  that  Barrande  included  his 
first,  second,  and  third  faunas  (now  Cambric,  Champlainic  or  Ordovicic, 
and  Siluric)  in  one  system,  which  he  preferred  to  name  the  Silurian 
.system.  In  his  day,  the  well  known  Devonic  faunas  of  the  typical  areas 
were  those  now  classed  as  Middle  Devonic.  After  much  work  and  dis- 
cussion, particularly  in  Germany,  the  opinion  has  now  become  general 
that  all  Barrande's  Stages  F,  G,  and  H  are  of  Devonic  age.  As  the  Hel- 
derbergian is  the  equivalent  of  etage  F,,  or  Konieprussian,  it  must  also 
be  r^arded  as  of  Devonic,  Lower  Devonic,  age. 

The  Upper  Coblenzian  fauna  of  the  Rhine  correlates  readily  with  that  of 
the  Onondaga  and  Hamilton.  As  the  latter  faunas  are  intimately  related 
and  the  Hamilton  is  always  regarded  as  of  Middle  Devonic  age,  it  seems 
natural  to  draw  the  line  between  the  Lower  and  Middle  Devonic,  at  the 
base  of  the  Esopus  grit  and  Upper  Coblenzian.  Both  these  formations 
are  usually  referred  to  the  Lower  Devonic.  In  United  States  the  most 
marked  local  break  in  the  Devonic  exists  between  the  Oriskany  and  Onon- 
daga, and  it  is  not  closed  by  the  very  local  Esopus  and  Schoharie  grit. 
In  a  general  view  this  break  is  not  so  apparent,  owing  to  the  varying 
age  of  the  upper  limit  of  Uie  Oriskany  in  the  various  localities. 

Page  269  begins  with  a  short  description  of  the  three  zones  of  the 
Helderbergian,  and  their  geographical  distribution.  Then  follows 
a  discussion  of  the  faunal  characteristics,  with  a  complete  list  of  the 
species.  The  Helderbergian  has  459  forms,  of  which  about  2  per  cent 
come  from  the  Siluric,  while  9  per  cent  of  the  former  pass  into  the  Oris- 
kany. It  is  also  shown  that  most  of  the  characteristic  Siluric  genera 
of  trilobites,  brachiopods,  and  crinoids,  fail  in  the  Helderbergian ;  also 
that  the  Siluric  facies  maintained  in  this  fauna  is  modified  and  the 
species  have  a  larger  individual  growth,  indicating  post-Siluric  age.  On 
the  other  hand,  among  the  trilobites,  Bryozoa,  and  pelecypods,  in  many 
of  the  gastropoda,  but  more  particularly  in  the  brachiopods,  are  met 
organic  groups,  which  in  their  culmination  are  characteristic  of  the 
Devonic.  The  conclusion  is  therefore  warranted  that  the  Helderbergian 
fauna  is  unlike  that  of  the  Siluric,  being  more  in  harmony  with  the 
Devonic,  and  its  position  near  the  base  of  that  system. 

A  general  description  of  the  Oriskany  strata  and  its  areal  distribution 
follows,  with  a  complete  list  of  the  named  species.  There  are  185  forms, 
of  which  17  per  cent  come  from  the  Helderbergian  and  35  per  cent  pass 
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upward  into  the  Onondaga  or  Corniferous.  Tlie  Ix>wer  and  Upper  Oris- 
kany  may  have  a  little  wore  than  23  per  cent  of  species  in  common,  but 
this  percentage  will  probably  be  modified  when  Doctor  Clarke  has  fin- 
ished hid  work  on  the  Becmft  Mountain  fauna.  These  figures  show 
conclusively  that  the  Helderbergian,  Oriskanian,  and  Onondagan  are 
very  intimately  related ;  also  the  correctness  of  the  conclusion  of  Sharpe 
and  de  Verneuil  (1847),  and  later  of  all  American  geologists,  that  the 
Oriskany  is  Devonic. 

In  conclusion,  the  English,  Continental,  and  American  Lower  and 
Middle  Devonic  horizons  are  tabulated  on  page  297. 

Local  Development  and  Faunas  op  the  Oriskanian 

UPPER  OBISKAIfr  OF  NSW  YORK 

The  Oriskany  formation  was  first  observed  in  New  York,  and  for  that 
matter  in  North  America,  by  Professor  Amos  Eaton,  who  named  it  the 
"Shell  Grit."  Vanuxem,  the  state  geologist  of  the  third  geological  dis- 
trict of  New  York,  appears  to  be  the  next  to  notice  this  formation,  for  in 
that  district  the  Oriskany  is  well  shown.  In  1838*  he  described  it  as 
the  "  White  Sandstone. — Characterized  by  large  species  of  Orthis  [Hi})- 
parionyx]  and  Delthyris"  [Spirifer].  In  the  following  year  Conrad  t 
writes  of  it  as  the  **  Grey  Brachiopodous  sandstone "  of  the  '*  Medial 
Silurian  strata,"  characterized  by  Atrypa  elongala  (^Rensselasria  ovoides 
Eaton)  and  Ddlhyru  arenom  (Spirifer  arenomis  Conrad). 

In  1839,  this  formation  received  the  name  by  which  it  has  since  been 
known.  In  that  year  Vanuxem  %  stated  that  "  the  omission  or  absence 
of  these  two  series  to  the  west  [Delthyris  shale  of  the  Lower  Helderberg 
and  the  Cauda-galli]  causes  the  next  series  of  layers  to  repose  imme- 
diately upon  the  Waterlime  group.  This  is  the  white  sandstone  noticed 
on  the  hill  at  the  falls  of  Oriskany,  and  for  the  present  may  be  called 
the  Oriskany  sandstone.  This  sandstone  is  well  known  to  extend  over 
many  of  the  states,  occupying,  like  all  geological  masses,  a  fixed  position 
in  the  whole  series,  but  is  exceedingly  variable  in  thickness.  According 
to  the  report  of  the  state  geologist  of  Pennsylvania,  it  is  there  700  feet 
thick  [this  probably  includes  the  Esoi)us  grit;  the  Oriskany  appears 
not  to  exceed  300  feet].  At  Oriskany  falls  [it  is]  about  20  feet,  on  the 
road  from  Elbridge  to  Skaneateles,  it  is  over  30  feet.  At  the  quarries 
near  Auburn,  it  is  from  a  few  inches  to  about  21  feet;  and  at  Split- Rock, 
near  Syracuse,  it  shows  itself  in  some  parts  by  a  mere  sprinkling  of  sand, 

•S«?rond  Ann.  Kept.  Geol.  Survey,  Third  Dist.  N.  Y.,  1838,  p.  285. 

tHecond  Ann.  Kept.  Pal.  Dept.,  Survey  N.  Y.,  1839,  p.  62. 

t  Third  Ann.  Kept.  Geol.  Survey.  Third  Dist.  N.  Y.,  1839,  p.  27S. 
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observable  on  the  bottom  of  the  layer  which  covers  it,  and  in  other  parte 
by  a  thickness  of  about  6  inches.  .  .  .  The  lower  part  of  the  sand- 
stone abounds  in  fossil  shells  remarkable  for  their  great  size." 

Ill  1840  Conrad*  gave  a  section  of  the  rocks  as  observed  by  him  and 
John  Gebhard,  junior,  the  pioneer  collector  of  Schoharie,  New  York,  and 
places  the  Oriskany  between  the  **  Brown  sandstone  [Esopus  grit]  and 
Blue  limestone  "  (Becraft  of  the  Helderbergian).  The  fossils  character- 
izing this  zone  are  Atrypn  elovgata  (=  Rensaelastna  ovoides  Eaton),  Delthyria 
armoaa  (=  Spirifer  arenoaa),  and  Strophoviena  uv  gulf  mum  (=  Hipparionyx 
prorivius  Vanuxem). 

In  1842  Vanuxem  t  gave  what  was  known  of  the  Oriskany  formation 
in  the  third  geological  district  of  New  York,  and  illustrated  the  charac- 
teristic fossils.  These  are  Spirifer  arenostis  Conrad,  Rensselxiin  ovoidea 
(Eaton),  Edtonia  peculinria  (Conrad),  and  Hipparionyx  proximm  Van- 
uxem.   He  stated  that — 

"Thissaiulfitone  .  .  .  is  readily  traced  from  east  to  west  through  the  dis- 
trict, by  Its  composition  and  its  numerous  characteristic  fossils,  not  so  much  as  to 
kinds  as  individual  species.  Its  position  is  best  seen  in  the  firpt  district  near 
Salem ;  the  Helderberg  division,  of  which  it  forms  a  part,  being  complete.  It  pro- 
jects from  the  side  of  tlie  Helderbergmount4un,forminj(  a  terrace  resting  npon  the 
Catskill  slialy  limestone  [=  New  Scotland ;  the  Becraft  is  here  absent]  ;  .  .  . 
the  sandstone  passing  under,  or  covered  with  the  Cauda-galli  grit,  the  latter  lieing 
a  tiiick  abrupt  mass. 

"  In  the  third  district,  its  immediate  associates  cease  entirely  l)efore  reaching  the 
west  end  of  Madison  county ;  and  the  sandstone  from  thence  rests  upon  the  Man- 
liiis  waterlime  group,  and  is  covered  by  tlie  Onondaga  limestone,  the  three  ix>cks 
being  coassociates  to  Cayuga  lake.  It  is  very  variable  in  thickness,  owing  prob- 
ably to  the  unevenness  of  the  surface  upon  which  it  was  deposited. 

"  With  some  exceptions,  this  sandstone  consists  of  a  medium  sized  quartz  sand. 
.  .  .  It  is  of  a  light  yellow  color  when  pure,  as  at  Oriskany  Falls.  At  other 
localities  the  yellow  color  is  often  shaded  bmwn,  or  of  some  other  dark  color." 

West  of  the  Hudson  river,  in  eastern  New  York,  the  Oriskany — 

"Is  well  exposed  in  the  hills  east  and  west  of  Schoharie,  various  places  on  the 
Helderberg  in  Bern,  Knox,  and  Bethlehem,  and  occasionally  as  it  ranges  south- 
ward to  Eeopus  falls,  beyond  which  it  was  not  recognized.  The  Oriskany  sand- 
.^^tone  [in  this  region]  is  generally  a  hard  silicious  grit,  which  generally  approaches 
chert  and  hornstone  in  a8i)ect,  and  is  replete  with  fossils.  In  some  places  it  is 
white ;  in  others  brown,  red,  and  black.  ...  In  the  first  district,  it  rarely  ex- 
ceeds 2  feet  in  thickness,  and  in  many  places  it  is  not  more  tlian  8  inches,  and  in 
some  places  is  absent;  but  it  is  extensive,  strongly  marked  in  its  fossil  contente, 
wluoh  are  of  large  size,  and  generally  attracts  the  attention  of  persons  traveling 
along  the  roads."  J 


♦Third  Ann.  Kept.  Pal.  Dept.,  Survey  N.  Y.,  1840,  p.  40. 
fGeoI.  N.  v.,  part  III,  Hiirvcy  Thfnl  I>ii<t.,  1H42,  pp.  123-127. 
X  Oeol.  N.  Y.,  part  i,  Survey  First  Dist.,  I84:j,  pp.  342,  343. 
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In  the  second  district,  Emmons  did  not  observe  this  fonnation,  and 
in  the  fourth  district  it  is  not  well  developed.  Hall*  writes  that  the 
Oriskany — 

•*  Where  best  developed  in  the  fourth  district,  is  a  coarse,  rather  loosely  cemented, 
purely  silicious  sandstone,  of  a  yellowish  white  color.  It  contains  some  flattened 
uoiiulesof  chert  or  flint.  ...  In  the  upper  part  of  the  lock  are  nuroerous 
concretions  of  dark  colored  or  nearly  black  compact  crystalline  sandstone,  very 
hard  and  tough.  ...  In  Monroe  county,  its  only  representative  is  a  layer  of 
greenish  conglomerate,  about  4  inches  thick.  ,  .  .  At  one  or  two  other  points 
it  ap{iears  as  a  coarse  sandstone  of  a  few  inches  in  thickness,  restint;  on  the  Onon- 
daga salt  group.  The  last  place  in  the  district  where  it  has  been  noticed  is  in  the 
bed  of  Black  creek  at  Morganville,  in  Gr^nesee  county.'' 

The  Oriskany  sandstone  in  New  York  "is  not  more  than  30  feet,  and 
usually  much  le8S."t  This,  of  course,  does  not  refer  to  southeastern 
New  York,  where  this  formation  is  much  thicker. 

The  Oriskany  formation  is  best  developed  in  southeastern  New  York, 
in  Orange  county. 

**  The  weslern  belt  forms  the  western  part  of  the  Helderberg  ridge,  which  ex- 
tends up  the  Neversink  valley  from  Pork  Jervis,  New  York.  It  consists  of  fine- 
grained shaly  sandstones  and  impure  limestones,  the  latter  often  containing  many 
fossils.  .  .  .  There  are  also  present  cherty  bands  containing  fossils.  The 
Oriskany  forms  narrow  ridges,  and  the  thickness  of  the  formation  is  about  125  feet 

'*  The  second  [or  eastern]  Oriskany  area  is  along  the  western  side  of  Bellvaie 
and  Skunnemunk  mountains,  where  it  affords  a  flne  grained  red  or  gray  quartzite 
which  changes  locally  to  a  conglomerate.    .    .    .     About  100  feet  are  exp«i8ed."  I 

Doctor  S.  T.  Barrett,  living  for  many  years  at  Port  Jervis,  studied  the 
outcrops  and  collected  the  faunas  of  the  Niagaran,  Helderbergian,  and 
Oriskanian  formations  of  this  region.  In  1876  §  he  published  his  results, 
and  from  these  it  is  learned  that  the  Upper  Pentamerus  or  Becraft  passes 
without  break  into  the  Oriskany.  The  Oriskany  is  here  not  less  than 
100  feet  in  thickness,  while  "  it  is  probably  more,  the  higher  arenaceous 
layers  of  this  division  having  been  removed." 

The  fauna  collected  by  Barrett  from  this  horizon  consists  of  the  fol- 
lowing: 

OrhtculoiiUa  jerrensis  (Barrett).  Diaphorosloma  vmtrirosa  (Conrad). 

Edionin  peculiar  is  (ConrtiiX).  Platyceras  gebhardi  (Hall). 

Spiriftr  nrnwmis  (Conrad).  Actinopleriatextdisamtarin  (Hall). 

Spirifer  mnrchisoni  Castelnai.  Tentacufile^  elongnius  Hall. 
Reiuaelteria  oroides  (Raton). 


♦(.»«-oI.  N.  Y,,  part  iv,  Survey  Fourth  I>i»t.,  1843,  pp.  14C-160. 

fHRlI  •  Geol.  N.  v..  Survey  Fourth  Dist..  184:J.  p.  147. 

t  Heinrich  Rie»  :  Fifteenth  Ann.  Kept.  State  Geol.  N.  Y.,  1897  [1898],  p.  44i2. 

i  Ann.  Lye.  Nat.  Hint.  N.  Y.,  vol.  xi,  1876,  pp.  298,  294. 
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It  was  not  until  1859  that  the  Oriskany  fauna  became  well  known. 
In  that  year  Hall,  the  state  geologist  of  New  York,  published  his  epoch- 
making  volume,  "  Palceontology  iii  of  the  Natural  History  of  New  York, 
Part  VI."  Below  is  given  a  complete  list  of  the  known,  typical,  New 
York  Oriskany  fauna,  the  Upper  Oriskany,  or,  as  Clarke*  has  named  it, 
the  "^  Hipparionyx  fauna."     Regarding  this  fauna  Hall  f  wrote : 

"The  great  changes  in  the  physical  conditions  supervening  at  the  dope  of  the 
preceding  group  [Helderbergian]  indicate  an  influence  which  would  affect  in  an 
equal  manner  the  fauna  of  the  succeeding  one,  and  we  And  accordingly  few  8))eoie8 
IMwing  from  the  Lower  Helderberg  group  to  the  Orifikany  sandstone.  The  changes, 
however,  are  mainly  of  a  specific  chamcter;  no  new  genera  being  introduced,  so 
far  as  known,  though  some  of  them  appear  under  modified  forms.'' 

After  pointing  out  the  characteristics  of  the  Oriskany  fauna,  he  con- 
cludes as  follows : 

"  It  is  not  possible,  therefore,  to  point  out  any  changes  in  the  fiiuna  of  i  his  period 
sufficient  to  iudicate  the  commencement  of  a  new  system,  and  its  relations  with 
the  formations  l)elow  are  as  intimate  as  with  those  above,  while  in  the  northern 
and  middle  states,  the  Oriskany  sandstone  bears  in  its  fauna  a  closer  relation  to  the 
lower  than  to  the  overlying  formations." 

In  the  Ijower  Oriskany  fauna  discovered  by  Beecher  and  worked  out 
by  Clarke,  as  described  beyond,  there  is  no  appreciable  break  between 
the  Becrad  and  the  Oriskany,  either  in  deposition  or  in  the  successive 
faunal  links.  Until  very  recently,  but  14  forms  were  known  to  be  com- 
mon to  the  Helderbergian  and  Oriskanian,  but  there  are  now  31  (24  in 
New  York)  species. 

FAUNA  OF  THE  UPPER  ORISKANY,  OR  HIPPARIONYX  ZONE 

FnvogiUs  hernigphericuB  Troost.     Hall  collection,  Albany. 

PkolidopB  arenaria  Hall. 

Orbiculoidea  ampla  Hall.     26054. 

Chonoaraphia  complancUa  Hall.     28108,  10643. 

Oiihis  {Bhipidaindla)  musculosa  Hall.     4882. 

Anoplia  nucUata  Hall.     10644. 

Leptxna  rhotnboicUdis  ventricosa  Hall.     Hall  collection,  Albany. 

StropheodorOa  linckl«ni  Hall.     10640,  10641,  26056. 

Stropheodonta  {Leptoslrophia)  nutgnifica  Hall.     4885,  5082. 

Slropheodanta  ( Leptoslrophia)  magnivenier  Hall.    4805. 

StropJuodorUa  vascularia  Hall. 

Hipparionyx  proximus  Yanuxem.    4217,  4227,  4809,  10638,  26060,  28107. 

Camarotcechia  harrandei  Hall.     4816. 


•Amer.  Jour.  Scl.,  November,  1892,  p.  411. 
t  Pal.  N.  y.,  vol.  iil,  18511,  pp.  401-      . 
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CantarotachUi  pleiopUura  Hall.     16(iS0,  28095. 

8yn.  Rhfnchonella  niHliiMriata  and  R.  ohhita  Hall. 
Ckunarotnch ia  pleiopitiira  filch  iaiui  (Hull). 
Camarotcerhia principalis  Hall  (=  C.  speciom  Hall'. 
Camarolcechia  sfptata  Hall.     Species  of  no  value. 
KatoniapectUiaris  (Conrad).     lOGol,  26057. 
Eittonia  pumila  Hall  (=  E.  whitfieldi  . 
RUonia  vchiifieldi  Hall.     2(5058.  28aS9,  2801)0. 

/NpinVsr  amio»t«  (Conrad).     4 121, 4 2 14, 84 1 2,  lOfHo,  145 1 5. 1 6080^26048, 28 1 02. 
iSpiriftr  murcfiisoni  Caatelnau  (=  if,  airecltu  Hall  j.     8413,  10646,  1666!),  26a'>l, 

28008. 
Spirifer  IribulM  Hall.     10647. 

HeliciUariafiinbriaia[lCo\\r9i6).     Hall  collection,  Albany. 
MetapUma  pyxidala  Hall.     4215,  10648. 
Cyrtina  roMraUt  i J  al  1. 
Atrypa  reticularis  Li  n i\L     2809 1 . 

Anoploiheca  dichotoma  (Hall).     Hall  collection,  Albany. 
Anoj}lothecaftabellUe8  (Conrad).     10650. 
MtrisUlla  lata  Hall.     16680.  26053.  281 13. 
MeristeUa  mtlcotti  Hall  and  Clarke?.     16672. 
Peiitagonia  unisidcata  (Conrad).     Hall  collection,  Albany. 
Megalanitris  ovalis  Hall.     26059. 

Rensselxria  avoidts  (b:aton).     4118, 4216, 8128,  8430,  10652, 16671, 28087,  26049. 
Beechia  stiessana  Hall.     16680. 
TtiUnculites  areuosus  Hall. 
Conuhria  lata  Hall. 

BflUrophon  curviliiieafus  Conrad  (also  in  Schoharie  grit). 
Plafyceras  nodtjsus  Hall. 

Platyceras  ( Orthonych  ia )  tortwmis  ( H  al  I  ^     10655. 
Plntyceras  n.  sp.     28083. 

Diaphorostoma  veiUricosa  (Conrad).     4802,  26050.  28080,  28082. 
Strophoslylns  expatutis  Hall. 
Cyiiolites  (?)  eximnsiis  Hall.     10659. 
Orthoceras  arenosum  Hall. 
Aviculopedai  gebhardi  (Conrad).     10()54. 
Avicidopecteri  recticosin  (Hall). 
Aciinopteria  iejctilis  arenaria  (Hall). 
Megamhonia  bellistriaia  Hall. 
Megambonia  latnellosa  Hall,     26055. 
Palxopimm  flabellum  Hall. 
Homalonotiis  major  Whitfield 
Phacops  cristala  Hall.    28079. 

LOWER  ORfSKANY  OF  NEW  YORK 

Previous  to  the  year  1892,  the  known  Oriskany  formation  in  the  state 
of  New  York  consisted  of  but  a  thin  sandstone  horizon,  nowhere  known 
to  exceed  30  feet  in  thickness.  The  specific  faunal  gap  between  it  and 
the  Ilelderbergian  below  was  considerable;   but  in  that  year  Doctor 
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Beecher  discovered  in  so  well  known  a  region  as  Becraft  mountain,  east 
of  the  Hudson  river,  and  just  south  of  Hudson,  New  York,  a  new  geo- 
logical horizon  and  a  fauna  intimately  connected  with  the  Becraft  of 
the  Helderbergian  below  and  the  true,  or  Hipparionyx,  Oriskany  above. 
Regarding  this  horizon,  Doctor  Beecher  *  writes  : 

"  In  1890  ...  in  the  Becraft'e  Mountain  region  of  Columbia  county,  New  York, 
a  faana  was  discovered  by  the  writer,  which  in  many  respects  is  new  to  the  State. 
Its  affinities  are  with  the  Oriskany,  but  its  geological  position  is  below  the  true 
Oriskany  sandstone.  It  appears  to  include  a  part,  at  least,  of  what  has  been  re- 
feired  to  the  Lower  Helderbei-g  group  on  acconnt  of  its  lithoiogical  characters  and 
upon  insufficient  paleontological  grounds.  The  fauna  of  the  Upper  Pentamerus  in 
its  original  locality  (Schoharie,  New  York)  has  previously  been  recognized  to  con- 
tain several  species  quite  distinct  from  the  Scutella,  Shaly,  and  Low^er  Pentamerus 
limestones,  which  represent  the  typical  Lower  Helderberg  group.  Moreover,  as 
the  complete  Cftuna  has  remained  unknown  and  the  series  has  l)een  confused  with 
.  the  underlying  Scutella  limestone,  no  exact  correlations  have  been  made. 

"  From  the  fossils  now  known  from  Becraft's  mountain  and  several  other  local- 
ities, it  is  evident  that  the  relations  of  the  &una  contained  in  the  upper  beds  of 
the  series  above  the  Scutella  limestone  and  just  below  the  Oriskany  sandstone  are 
with  the  latter,  and  not  with  the  Lower  Helderherg  group.    .    .     . 

"At  Becrafb's  mountain  the  rock  is  a  hard,  cherty,  arenaceous  limestone,  weath. 
ering  into  a  rotten  fine-grained  sandstone  [a  few  feet  in  thickhessj,  preserving  the 
molds  of  the  fossils  or  their  eilicifled  replacements.  ...  At  Port  Jervis,  New 
York,  it  is  in  general  still  more  calcareous,  although  there  are  some  cherty  layers, 
and  many  of  the  fossils  are  siliciQed.  Here,  too,  the  series  is  continuous  from  the 
Oriskany  sandstone  down  through  the  trilobite  beds  of  Mather,  Horton,  and  Bar- 
rett. The  arenaceous  character  of  the  beds  gradually  decreases  downwards,  carry- 
ing the  typical  Oriskany  species  into  the  DalmanUes  dentatus  layers  and  below,  and 
making  the  whole  series  of  this  group  at  Port  Jervis  probably  over  two  hundred 
feet  in  thickness,  of  which  one  hundred  or  more  belong  to  the  Lower  Oriskany." 

Barrett  t  gives  the  thickness  of  the  Oriskany  formation  at  Port  Jervis, 
New  York,  as  "100  feet;  it  is  probably  more,  the  higher  arenaceous 
layers  of  the  division  having  been  removed  by  glacial  action."  Ries 
gives  the  thickness  for  the  same  region  as  "  about  125  feet."  The  known 
Oriskany  fauna  from  this  region  is  meager,  but  for  the  present  it  is  re- 
ferred to  the  Upper  Oriskany.  The  transition,  however,  from  the  Becraft 
limestone  to  the  Oriskany  in  the  Port  Jervis  region  is  apparently  unin- 
terrupted.   Doctor  Barrett  writes : 

*'  From  the  top  of  Trilobite  Ridge  [his  uppermost  Upper  Pentamerus  bed,  or  5c, 
with  a  thickness  from  5  to  10  feet]  to  the  foot  of  the  Cauda-galli  ridge,  northwest 
of  it,  Oriskany  fossils  predominate.  There  is,  however,  such  a  gradual  shading 
off  from  one  into  the  other,  tliat  no  one  whose  knowledgie  of  the  Lower  Helderberg 
and  Oriskany  strata  had  been  acquired  by  the  study  of  their  exposures  in  this 

•  Amer.  Jour.  Sci.,  vol.  xliv,  18»2,  pp.  410,  411. 
t  Ann.  Lye.  Nat.  Hint.  N.  V.,  vol.  xi,  1876,  p.  294 

XLIV— Bull.  Geol.  Soc.  Am..  Vol.  11.  1899 
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locality  would  ever  think  of  ranning  the  line  separating  the  Silurian  and  I>evonian 
ages,  between  the  two.  They  seem  so  intimately  blended  that  the  exact  line  be- 
tween them  is  an  arbitrary  one  altogether." 

If  the  fauna  from  **  Trilobite  ridge  "  or  Barrett's  zone  "  5c  "  or  Beecher's 
"  Dalmanites  dentatus  layers  "  is  studied,  it  will  be  conceded  that  it  18 
unmistakably  that  of  the  Becraft,  and  cannot  be  included  in  the  Lower 
Oriskany,  as  is  done  by  Beecher.  The  fauna  as  given  by  Barrett  *  with 
a  few  additions  by  the  present  writer,  is  the  following: 

Orbiculoidea  dUcus  Hall,  0.  conroffi  (Hall),  Orihis  {Dalmrinella)  pereUgans  Hall, 
O.  (D.)  planiconvexa  Hall,  O.  (RhipidomeHa)  oblata  Hall,  0.  {H.)  gubearinata  Hall, 
0.  (ScMznphoria)  viiUivitriata  Hall,  Leptsma  rlwmhoidalu  Wilckens,  SlropheodmUa 
becki  Hall,  S.  perplana  Ck>nrad,  Strophonella  cavumbonti  Hall,  S,  teavemvorihana  Hall, 
ChonoBtrophia  n.  sp.,  Spinfer  murchUoni  Gastelnau,  S,  eoncinnus  Hall,  S,  cydoptervf 
Hall,  Cyriina  rorirata  Hall,  Bemselfm'ia  seguiradwta  (Conrad),  Actinoyleria  Uxtilii 
Hall,  Plaiyceras  retrormm  Hall,  P,  gehfiardi  Hall,  Loxanema  JUchi  Hall  ?,  Hnhpm 
arUiqua  (Vannxem)  ?,  Hyoliihes  C£ntenniali8  Barrett,  IMmaniies  dentala  Barrett, 
i>.  pleuntptyx  (Green),  Z>.  na»tUns  Conrad,  D,  micrurus  (Qreen),  and  Homalonotm 
vanuxemi  Hall. 

Of  this  fauna  with  29  species,  all  are  Helderbergian  forms  with  the  ex- 
ception of  the  following,  which  are  Oriskany  species :  Stropheodonta  per- 
plana, SfdHfei'  murchisoni,  and  Cyriina  rostrata.  This  evidence  is  very 
conclusive  that  the  three  zones  of  Barrett's  Upper  Pentamerus  limestone 
are  properly  correlated. 

The  Becraft  fauna  was  extensively  collected  by  Clarke,  Beecher,  and 
the  writer,  but  more  particularly  by  the  former,  for  the  New  York  State 
collection.  Doctor  Clarke  has  published  "A  preliminary  list  of  the  spe- 
cies constituting  the  Oriskany  fauna  of  Becraft's  mountain.  New  York,"t 
which  is  given  below,  with  a  few  alterations.  Regarding  this  fauna, 
Doctor  Clarke  concludes  that — 

'*  This  remarkable  association  of  species  furnishes  the  missing  link  in  the  evo- 
lution of  the  Lower  Helderber^  into  the  typical  Lower  Devonian  fauna.  While 
the  presence  of  so  many  positive  Oriskany  tyi>es  determines  the  faunal  quantiv- 
alence,  the  perdurance  of  species  and  modifications  of  specific  expressions  charac- 
teristic of  the  shaly  limestone  fauna,  and  the  inception  of  Lower  Devonian  spetufic 
forms,  render  this  combination  altogether  unusual  and  of  prime  significance  in  tlie 
correlation  of  onr  earlier  Devonian.  The  southwestern  extension  of  the  Oriskany 
(Hipparionyx)  fauna,  as  in  Maryland,  is  complicated  with  the  Lower  Helderberj;, 
but  to  a  less  degree  than  here ;  while  in  the  representative  of  the  same  fauna  in  the 
province  of  Ontario  there  is  a  great  predominance  of  Upper  Helderberg  species. 
With  the  46  sjiecies  wliicli  have  been  identified  in  the  Hipparionyx  fauna  of  New 
York,  the  106  or  more  species  of  the  Becraft  fauna  are  in  striking  contrast,  and  no 


•  Ann.  Lye.  Nut.  Hist.  N.  Y.,  vol.  xl,  1876,  p.  290,  and  Amnr.  Jour  8ci.,  vol.  xili,  18T7,  p.  3a<>. 
t  Amer.  Jour.  Sci.,  vol.  xliv,  1802,  pp.  411-414. 
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eienient  so  strongly  enforces  this  contrast  or  is  so  unique  in  itself  as  the  Cnutacean. 
The  association  is  indubitably  of  early  Oriskany  age  and  is  eminently  the  Trilobite 
or  Dalmanites  faciee  of  the  Oriskany  fauna." 

FA  UN  A  L  LIST  OF  THE  NEW  YORK  LOWER  ORISKANY* 

(Numbers  indicate  material  in  United  States  National  Museum.    Those  species  marked  with  an  * 

are  also  in  Ulsterian.) 
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"     {RhipidomeUa)  oblttta  Hall  ?    28009 
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iitropJieodonta  HnckUstU  Hall 

cfr.  radUUa,     28016 
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n.sp.B 

**  (I^eplostrophia)  magnifica  Hall 

becHiiBM     28015 
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ChtmeUs  mdonica  Billings.     28018 

ilimodropkia  n.  sp.     28019 

AnopHa  nucleala  Hb\\,     28017 

fipiriffr  murchUoni  Castlenau.     28020 

*  '*      arrtioww  (Conrad).     28021 
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•A  monograph  of  this  fauna,  by  Doctor  J.  M.  Clarke,  is  now  in  preparation. 
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Reticularia  modesta  (Hall) 

*  **       fimbriala  ( Conrad) 

*Afdapla8ia  pyxidaia  (Hall).     28022 
tVyHiia  rodraia  Hall.    28023 

**      cfr.  dcdmani  Hall 

AferiMeUaUUaliaM     28024 

IsRviB  Hall?    28026 

♦  "       lenla  H&M    28025 

"       n.8p 

Tremalospira  muUistricUa  Hall 

^nop/of/i€ca  n.  sp.     28028 

8P 

*  '*         flabellUes  {HaW).    28027. 

♦  "  aculipliccUa  ( Hall) 

Anaatrophia  n.  sp 

Rensselsma  ovoiaes  (Eaton).    28020. 

MegalanterU  ovalis  Hall  ? 

Beachia  suemma  Hall  ? 

Vamarot(echia  obkUa  Hall.     2801 1. . . 

**  barrandei  Hall 

"  *p^cio«a(  Hall)? 

Jihyncftcnella  sp 

Eatonia  medialts  Hall 

*  *      pectUiaris  Conrad.     28010. . . . 
Oriskania  naviceila  Hall  and  Clarke 
Oryplonella  n.  ep . 

Actinoptfria  textilU  Hall  ? 

Aviculopeden  ap 

Megamhonia  bellisiriata  Hall.     28032. 

/aww/ZowHall? 

Goniophora  n.  ap 

Cypricardinia  cfr.  sublamelloaa  Hall. 

Conocardium  sp  , 

PlcUyceras  {Orinonychin)  tortuosus  (Hall). . , 

**         nodosum  (Conrad) 

Slropho9fylu8  expansus  (Conrad) , 

DiaphoroiAoma  verUricom  (Con  rad ) .     28034 

"  n.  sp 

Oyrtolites  expansus  Hall  ?    28033 

Pteurotcmaria  n.  sp 

Bellerophon  n.  sp.  ? . . . , 

Conularia  sp 

Coleolus  sp 

JjeperdUia  sp 

J*rimUi(i  sp 

Dalinanites  n.  sp.  A.     28035 

n.  sp.  B 

n.sp.C 
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Faunal  List  of  Uu  New  York  Lower  Oriskany 
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phacopiyx  Hall 

n.  sp.     28036 

(i4ca^^)  cfr.  ancqss  Clarke. 

Homalonotus  sp 

Cordania  n.  sp 

Cyphaspis  n.  sp 

iVo^iwn.  sp.  7 

;•     n.  sp.    B 

Acidofpis  tuberculaius  Conrad , 

Turrilepas  sp 
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Auioddiu  n.  sp 
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Of  this  Lower  Oriskany  fauna  of  104  species,  45  are  specifically  identi- 
fied with  described  species,  and  of  these  no  less  than  35  occur  above, 
either  in  the  Upper  Oriskany  or  Ulsterian,  while  14  are  present  in  the 
Helderbergian.  Doctor  Clarke's  statement  that  "  this  remarkable  asso- 
ciation of  species  furnishes  the  missing  link  in  the  evolution  of  the  Lower 
Helderberg  into  the  typical  Lower  Devonian  fauna,'*  and  Beecher's 
"  from  the  fossils  now  known  from  Becraft's  mountain,  it  is  evident  that 
the  relations  of  the  fauna  contained  in  the  upper  beds  of  the  series 
above  the  Scutella  limestone  and  just  below  the  [Upper]  Oriskany  sand- 
stone are  with  the  latter  and  not  with  the  Lower  Helderberg  group  " 
are  just. 

It  is  very  desirable  that  collectors  should  give  attention  to  gathering 
more  extensive  collections  from  the  Upper  Pentamerus  or  Becraft  about 
Port  Jervis  and  Schoharie,  New  York,  and  also  from  the  Oriskany 
along  the  Neversink  valley.  Such  collections  will  probably  demonstrate 
the  intimate  relationship  of  the  Becraft  and  Lower  Oriskany  formations. 

PENNSYLVANIA  AND  NEW  JERSEY  ORISKANY 

At  present  the  Oriskany  formation  of  Pennsylvania  and  New  Jersey 
is  not  clearly  divisible  into  a  lower  and  upper  member  as  in  New  York. 
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Along  the  Delaware  river,  this  formation  is  very  variable  in  its  litholog- 
ical  characters,  follows  directly  upon  the  Helderbergian  series,  and  is 
overlain  by  a  great  mass  of  Esopus  grit. 

Lesley  *  summarizes  the  work  of  the  *'  Second  Geological  Survey  of 
Pennsylvania"  on  the  Oriskany  formation  as  follows: 

*'  In  Pennsylvania  the  outcrops  of  Oriskany  extend  in  straight  and  curved  lines 
and  many  zigzags  through  nineteen  counties,  a  total  distance  of  1,100  miles;  tlie 
formation,  however,  appearing  and  disappearing,  thickening  and  thinning;  vann- 
ing in  character  from  sandy  shales  to  massive  flint  rock ;  in  some  places  crowded 
with  shells,  at  others  almost  destitute  of  them ;  in  some  places  calcareous,  in  others 
with  scarcely  a  trace  of  lime,  in  some  places  highly  ferruginous,  even  containing 
iron  enough  to  furnish  furnace  ore." 

The  maximum  thickness  in  Pennsylvania  is  probably  not  over  2(J(J 
feet.  It  has  been  given  as  700  feet,  but  this  depth  apparently  includes 
either  the  Helderbergian  or  the  Esopus  grit. 

The  Oriskany  and  Helderbergian  series,  as  exposed  in  the  Neversink 
valley,  enter  New  Jersey  and  Pennsylvania  southwestward  from  Port 
Jervis,  New  York.  The  Oriskany  of  this  region  is  describeil  by  I.  C. 
White,t  as  follows : 

"  The  rocks  which  make  up  the  Oriskany  series  change  so  radically  in  character 
in  passing  southwest  from  the  eastern  line  of  the  district  that  there  is  scarcely  any- 
thing in  common  to  the  sections  of  the  group  at  the  eastern  line  of  Pike  and  the 
western  line  of  Monroe. 

'*  The  sandstone  member  of  the  series  is  entirely  absent  at  the  eastern  extremity 
of  Pike  county,  the  only  representative  of  the  Oriskany  there  present  being  a  betl 
of  limy,  cherty  sliales,  weathering  down  into  muddy  looking  beds  holding  Oriskany 
fossils.  They  are  in  fact  a  mere  continuation  of  the  Lower  Helderberg  beds  up  to 
the  very  base  of  the  Cauda-galli  grit." 

At  Carpenters  Point  village,  the  Oriskany  was  estimated  as  50  feet 
thick.  On  crossing  the  Delaware  river  into  Monroe  county,  the  Oriskany 
appears  to  thicken  and  at  Broadhead  creek  is  45  feet  thick,  at  the  western 
line  of  Monroe  about  175  feet,  and  is  fully  200  feet  thick  on  the  Lehigh 
river  below  Bowman's. 

George  H.  Cook,I  the  state  geologist  of  New  Jersey,  describes  the 
Oriskany  of  that  state  as  follows: 

*' Under  this  division  [Oriskany  sandstone]  we  have  included  the  large  mass  of 
rock  lying  between  the  Lower  Helderberg  and  Cauda-galli.  There  is  a  thin  bed 
of  tender  sandstone,  or  almost  sand,  full  of  indistinct  marks  of  fossils,  which  may 
be  considered  as  the  base  of  the  formation.    It  is  hardly  eight  feet  thick,  and  may 

•  Second  Geol.  Survey  Pa.,  Summftry  Final  Report,  vol.  ii,  1892,  pp.  1036,  1037. 
f. Second  Ocol.  Survey  Pa.,  vol.  ii*',,  iMi,  pp.  VZl-Vm. 
JGeol.  of  New  Jersey,  1«C8,  pp.  100,  161. 
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be  Been  nbove  W.  Nearpass'  quarries ;  near  Peters  valley ;  at  Walpei'k  Center,  and 
west  of  Flatbrookville.  Lying  on  this  is  a  thick  body  of  shale,  which  constitutes 
the  principal  part  of  the  formation. 

"  The  shale  is  light-colored,  soft,  and  disintegrates  easily.  Some  of  the  beds  are 
very  calcareous,  while  others  are  gritty.  Fossils  are  quite  abundant,  e8i)erially  in 
the  upper  layers,  near  the  Cauda-galli  grit. 

"This  formation  maybe  seen  almost  everywhere,  from  the  Stateline  to Walpeck 
bend.'  ...  A  fine  locality  for  examining  rocks  and  included  fossils  is  along 
Chamber's  Mill  brook,  northwest  of  Isaac  fionnelPs  residence. 

'*A8  estimated,  west  of  Flatbrookville  the  ehaly  rock  is  about  120  feet  thick. 
From  the  breadth  of  the  outcrop  west  of  Walpeck  Center,  and  with  a  uniform  dip 
of  40  degrees  to  the  northwest,  its  thickness  would  be  made  to  be  over  300  feet. 
The  difficulty  of  always  fixing  the  angle  of  the  dip  renders  this  examination  a 
matter  of  uncertainty." 

The  Oriskany  of  New  Jersey  is  intimately  connected  with  that  of  New 
York  and  Pennsylvania,  and  the  reader  is  referred  to  these  sections  of 
this  paper  for  other  details. 

FA  UNAL  LISTS  OF  NEW  JERSEY  AND  PENNSYLVANIA 

At  Carpenters  Point,  4  miles  southeast  of  Port  Jervis,  New  York,  in  a 
lime  shale  with  chert,  I.  C.  White*  found — 

T<mUtculUe8  elongatu»  Hall.  liejisselxria  ovaides  (Eaton). 

J'kitonia peciUiaris  (Conrad).  Adtinopieria  iextilin  armaria  (Hall). 

Spiri/er  murchisoid  Castelnau.  Flatijceras  gebhardi  Hall. 

Spirifer  areno9U8  (Conrad).  JHahjceras  r^nlricosum  Conrad. 

On  Broadhead  creek,  near  Stroudsburg,  Pennsylvania,  I.  C.  Whitef 
found — 

Spiri/er  arenosun  (Conrad).  RensseLrria  owidea  (Eaton). 

Hiliparionyx  proximiM  Vanuxem.  Plaiyctras  vcniricoEvm  Conrad. 

ClaypoleJ  has  given  the  following  species  as  occurring  in  cherty  beds 
at  Grove  tunnel,  Northumberland  county,  Pennsylvania: 

Orbiculoidea  ampUi  Hall.  Anoplolheca  flnhellUes  (Conrad). 

(Mhis  (Rfiipidomdla)  musculom  Hall.  MegaUinieris  ovalut  Hall. 

Spirifer  murchiBoni  Castelnau.  PUUijceras  magnifinim  Hall. 

Spirifer  arenosM  (Conrad).  Phitycera8(Orlhonychia)toriuo8uni{UtM). 

Spirifer  cumberlandix  Hall. 

Potts  Grove,  Northumberland  county,  Pennsylvania: 

Spirifer  murchisoni  Castelnau.  28096.  IHaphorosloma  vetUricosa  (Ck)nrad). 
28081. 

•  Second  Oeol.  Survey  of  Pa.,  vol.  G6,  p.  123. 

t  n>Id.,  p.  124. 

t  Second  Geol.  Survey  of  Pa.,  Sum.  Final  Kept.,  vol.  ii,  p.  1075. 
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At  Three  Springs,  in  Huntingdon  county,  Pennsylvania,  in  a  coarse, 
friable  sandstone,  in  the  lower  30  feet,  were  found  the  following:* 

Hipparionyx  proximui  Vanuxem.  Renttelstria  marylandiea  Hall. 

EaUmia  peaUiarU  (Conrad).  MegalanUriM  opoHm  Hall. 

SpiriffT  murchitoni  Caatelnaa.  AdinopUria  Uxtilia  (Hall). 

Spiri/er  arettosus  (Conrad).  Megambonia  lamdlom  Hall. 

Ren99dseria  ovoide$  (Eaton).  Pialyceras  veniricomtm  Conrad. 

At  Mapleton,  Huntingdon  county,  Pennsylvania,  on  the  Upper  Juniata, 
the  Oriskany  is  about  150  feet  thick.  Spirifer  arenosus  (Conrad)  occurs 
near  the  top,  and  from  the  lower  half  was  secured — 

KaJUmia  peculiarU  (Conrad).  Platycerat  tortuosum  Hall. 

Spirifer  murchi»oni  Caatelnaa.  FUUyceras  plaiyoMoma  Hall. 

Rmndsma  avoides  (Eaton).  Diaphorottoma  ventricom  (Conrad). 

Bedford,  Bedford  county,  Pennsylvania : 
DiaphoToMoma  ventricom.  (Conrad).    20^. 

Newry,  Blair  county,  Pennsylvania: 
Spirifer  murchiioni  Castelnau.      25362.        Airy  pa  reticularis  Linn^.     25363. 

Near  Chambersburg,  Franklin  county,  Pennsylvania : 
Diaphorodoma  verUricosa  (0>nrad).     3920. 

MARYLAND  AND  WEST  VIRGINIA  ORISKANY  AND  ITS  FAUNA 

In  western  Maryland,  the  Oriskany  occupies  '^  the  central  division  of 
the  Appalachian  region  "  and  enters  into  the  formation  of  the  AU^hany 
plateau.  It  follows  upon  the  Helderbergian  series,  and  in  turn  is  over- 
lain by  the  "  Romney  formation,"  the  equivalent  of  the  New  York 
Hamilton.  In  Maryland,  the  Oriskany  is  known  as  the  "Monterey 
formation,"  and  is  described  by  Professor  Clark t  as  follows: 

**  The  Monterey  formation,  bo  called  for  its  typical  occurrence  at  Monterey,  Vir- 
ginia, 18  confined,  like  the  Upper  Silurian  formation,  to  the  central  division  of  the 
Appalachian  region  in  western  Washington  and  Alleghany  counties,  Maryland. 
The  deposits  of  the  Monterey  formation  are  typically  rather  coarse-grained,  some- 
what friable  sandstones,  white  or  yellow  in  color.  At  times  the  materials  become 
very  coarse  grained,  resulting  in  a  clearly  defined  conglomerate,  while  at  other 
times,  especially  in  the  western  portion  of  the  area,  the  materials  are  fine-Kniined, 
with  here  and  tliere  interstmtified  layers  of  coarse  materials.  The  sandstone  is 
very  fossiliferous  and  carries  the  typical  Oriskany  fauna  of  the  north.  The  for- 
mation has  a  thickness  of  about  300  feet." 


•  Ibid.,  p.  1101. 

t  W.  B.  Clurk  :  Md.  G«ol.  Survey,  vol.  i,  I8t»7,  pp.  182, 183. 
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When  the  writer  was  at  Cumberlaud  recently,  Mr  Robert  H.  Gordon 
pointed  out  to  him  the  localities  which  furnished  most  of  the  Oriskany 
fossils.  At  the  *'  Devils  Backbone,''  the  Oriskany  follows  the  Helder- 
bergian,  but  before  the  fossils  of  the  former  formation  appear  there  is 
interpolated  above  what  may  be  the  Kingston,  beds  about  120  feet  thick. 
(See  section  on  page  271.)  In  the  short  time  devoted  to  collecting,  no 
fossils  were  seen,  excepting  at  the  base  of  the  formation,  where  Anoplo- 
theca  flabeUilea,  a  true  driskany  fossil,  was  found. 

Cumberland,  Maryland,  has  long  been  famous  for  its  s])lendid  Oris- 
kany fossils,  which  are  preserved  as  silicious  pseudomorphs.  These 
were  collected  by  Mr  William  Andrews,  of  Cumberland,  and  were  sub- 
mitted for  description  to  Professor  Hall.  This  enabled  him  to  enlarge 
considerably  the  Oriskany  fauna  described  in  1869,  in  Paleontology  of 
New  York,  volume  iii.  Many  of  the  Brachiopoda  show  not  only  the 
interior  structure  of  the  valves,  but  also  the  processes  for  the  support  of 
the  brachia.  The  Gastropoda  are  also  very  well  preserved,  and  are 
found  with  other  fossils  in  pockets  of  loose  sand  where  the  shells  are 
free,  but  usually  with  the  finer  surface  structure  destroyed.  Hall  writes 
that  ^^  all  of  the  specimens  of  the  Crinoidea  of  the  Oriskany  sandstone 
have  been  derived  from  the  collection  of  Mr  Andrews,"  of  Cumberland. 

The  following  list  contains  the  names  of  the  species  known  to  occur 
in  the  Monterey  formation  about  Cumberland,  Maryland : 


Zapkrentit  sp.  andet.     28110 

FavMUes  amicus  Hall 

"       two  additional  specJes  in  the  Gordon  collection 

Homocrinus  proboscidalU  Hall 

Teehnocrinus  andrewsi  Hall 

**  n.  ap.  (Gordon  collection) 

"  Kulpius  Hall.    Founded  on  separated  calyx  plates 

"  gpinul(mis  H&W 

"  $tri(Uus  Hall.    Founded  on  separated  calyx  plates 

Edriocrinus  8accuht»  Hall.     10661.     (In  the  Gordon  collection  there 

are  fragments  of  at  least  8  other  species  of  crinoids) 

AnomahqfstiUa  disparifia  Hall 

Pholidop8  arenaria  Hall  (=  P,  terminalis) 

Chonottraphia  complanaUi  Hall.     28108 

Orbiculoidea  n.  sp.  (Gordon  collection) 

grandis  Hall 

Ortki$  {Rhipidomella)  cumberlandix  Hall     

*'  ••  mu8culo8a  UaXh    8436,10663 
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OrUiis  ( DalmaneUa)  f)ianiconvexa  Hall ...  I   x 

I^ptiena  rhomboidaUi  veidricota  Hall 

Stropheodofnia  magnifica  Hall.     281 11 

**  magniventer  Hall 

SlrophoneUa  headleyana  Hall 

Hipparionyx  proximus  Vanuxem 

Camarotcechia  barrandei  Hall 


.1^ 


speciosa  HeAl     10671 

Rhynchandla  ramsatn  Hall 

Eataniapeculiaris  (Conrad).    8434,  10672 

•*      sinucUa  HalL  ...    

"      whiJfieldi  HslW 

Spirxfer  arenonu  (Conrad).     10664,  28103 

"      tnurchisani  CaBtelnau.     28097 

*'      cumberlandise  Hall  (Syn.  6'.  9ubmucr<mata  Hall).     10666, 10667 . 

**      inlennedius  Hall ; 

"      tribuluHaW.    10668 

Metaplasia  pyjndala  Hall  

Cyrtiiia  nMrnta  Hall 

Hhynchotpira  recUrostris  Hall 

Atrypa  reticularis  Linn^.     8432 

Anoplotheca  dichotoma  (Hall) 

/m6ria/a  (Hall) 

flabellU€8  (CoiirKd),     10673 

MerisUlla  lata  Hall.     28094 

**        cfr.  princeps  Hall 

*'        n.  sp.  (Gordon  collection) 

Rensselsma  cumberlandise  Hall 

**  iniermedia  ^M 

"  marylandica  Hall.     10670,  28088 

ofwrf/-*  Hall 

Megalanteiiit  ovalut  Hall 

Beachia  suesMua  Hall.     8435,  10669  

CentroneUa  t  (probably  n.  gen.  et  sp.,  Gordon  collection) 

PUUyceras  cailosum  Hall 

**         gebfuirdi  Conrad.     4201,  280a5 

magnificnrn  H&M     280S6,  10676 

**         jmtulum  Hall 

r#:^^a:uw  Hall.     28084 

**         ventrico8ftm  Conrad.     8431 ,  10674 

DinphoroKloma  verUricom  (Conrad) .'   . . . . 

JSirophotUylus  aiidreim  Hall 

maiheriHuW 

•*  traiisrergtis  Hall 

Curtoliie*  expausus  Hall 

TentaculUes  (near  ^alarifnrmis^  Gordon  collection) 

Adinopter'ui  textUi*  aretuiria  (\\9,\\) 

AvicuLopecten,  2  or  3  n.  ep.  (Gordon  collection) 

Megambonia  lameltom  Hall 

HomaloHOtiu  tnnuxemi  Hall 

Dalmanites,  2  undet.  sp.  (Gordon  collection) 
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On  analyzing  this  Cumberland  fauna,  it  is  seen  that  of  the  58  species 
foand  there,  25  are  restricted  and  do  not  occur  to  the  north  in  New  York. 
Of  the  remaining  33  species,  10  are  also  found  in  the  Helderbergian, 
a  far  greater  number  than  in  tlie  Upper  Oriskany  of  New  York,  where 
but  2  species  are  common  to  it  and  the  Helderbergian  ;  19  are  also  found 
elsewhere  in  the  Lower  Oriskany  and  25  in  the  Upper  Oriskany.  The 
degree  of  evolution  therefore  indicates  that  the  Cumberland  fauna  is  older 
than  that  of  the  typical  Upper  Oriskany  of  New  York,  but  not  quite  as 
old  as  that  of  the  Ijower  Oriskany  of  Becraft  mountain. 

If  this  fauna  were  derived  from  a  limited  zone,  its  developmental 
progression  would  indicate  that  the  Cumberland  Oriskany  is  older  than 
the  Hipparionyx  fauna  of  New  York  and  not  quite  as  old  as  that  of 
Becraft  mountain.  However,  it  is  certain  that  the  Helderbergian  here 
passes  without  break  into  the  Oriskany,  as  can  be  seen  at  *'  Devils  Back- 
bone," near  Cumberland,  and  it  may  be  that  both  the  Lower  and  Upper 
Oriskany  are  there  present.  It  is  probable  that  Mr  Andrews*  collection 
was  derived  from  the  entire  series,  and  that  there  is  some  mixing.  This 
causes  the  Cumberland  Oriskany  to  appear  older  than  the  Hipparionyx 
fauna,  when  it  probably  contains  both  the  latter  and  the  Becraft  fauna. 

The  following  species  are  from  Key ser.  Mineral  county.  West  Virginia, 
and  were  obtained  on  the  north  branch  of  the  Potomac  river : 

%ri/^  ar^yuwM  (Conrad).  16674,16676.    Btachia  guesmna  HM,     16679. 
<S^'rt/cr  niiirc/tiMmt  Gastelnau.     16675.       Strcpheodonia  mag^iifica  YisAX,     16673. 
Eaionia  peculiaris  {Qoiimdi),     16678.  />io/)/roro«<a»ja  vrti^rtrMa  (Conrad).  16673. 

Moorefield,  Hardy  county,  West  Virginia : 
Spirifer  arenonu  (Con rad) .    281 04. 

The  following  forms  are  from  Pendleton  county.  West  Virginia,  and 
were  collected  on  the  north  fork  of  south  branch  of  Potomac  river: 

Orthis  (Rhipidomella)  mu9culota    Hall.  Spirifrr  rnvrchisoni  Caetelnau.     28100. 

18156,18157.  /Spirifer  cumberlandigs  UbW?    28101. 

StropheodoTita  magnifica  Hall.     18154.  Camarotcechia  barrandei  Hall.     18159. 

StropheodorOa  lincklmiB&il     28112.  Mrrislella  lata  BaW.    28092,28093. 

Hipparionyx proximus  V&nuxem.  18155.  Anoploiheea Jiabellites  (Conrad).     18160. 

Chono9trophia  complanaiaHsW,    ISlSii.  y^^Mr^^rria  sp.  nndet.     18162. 

Spirifer  arenoms  {Conrtid),     18158.  JiensselRTia  marylandica  UaW.     181 61. 

^Spirifer  like  arenotuB  in  form,  but  with-  Diaphorosloma  rentricosa  (0)ni*ad).  18164. 

oat  a  plicated  fold  and  sinus.    28106.  MiUyceras  nodoaum  ConrEd.     18165. 

VIRGINIA  ORISKANY  AND  ITS  FA  UNA 

In  the  northwestern  part  of  Virginia,  adjoining  West  Virginia  and 
Maryland,  the  Oriskany  is  probably  not  less  than  300  feet  thick.     It  is 
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Tery  difBcult  to  find  reliable  data  concentiug  tliis  formation  to  the 
southwest,  and  the  extract  given  below  is  all  tliat  the  writer  has  found. 
W.  B.  Rogers  *  in  his  description  of  the  several  members  of  the  geo- 
logical series  belonging  to  the  region  west  of  the  Blue  Ridge,  thus  de- 
scribes the  Oriskany : 

**(No.  7.)— The  pandstones  composinK  this  member  of  the  series  are,  in  general, 
characterized  by  an  open  and  rather  coarse  texture,  and  an  extraordinary  abun- 
dance of  organic  impressions.  In  color  they  vary  from  a  yellowish  white  to  a 
dark  greenish  gray.  They  are  usually  presented,  especially  the  lighter  colored 
variety,  in  massive  beds  of  several  feet  in  thickness,  and  from  their  frequent 
occurrence  along  the  flanks  and  declivities  of  the  ridges,  dipping  at  a  steep  angle, 
and  bare  of  vegetation,  they  form  a  curions  feature  in  many  of  the  wild  scenes 
among  our  mountains.    .     .     . 

"  Nearly  all  of  the  mountains  of  Hampshire,  Hardy,  Pendleton,  Pocahontas,  and 
Alleghany  counties,  exhibit  extensive  and  instructive  exposures  of  this  rock,  which 
from  its  whiteness,  frequently  bare  surface,  profusion  of  organic  inipi-epsions,  and 
disposition  to  disintegrate  into  a  coarse  white  sand,  is  one  of  the  most  strongly  and 
uniformly  characterized  of  the  members  of  our  series. 

*'An  iron  ore  has  been  found  in  various  places  in  connection  with  these  strata" 
(p.  179). 

From  Rock  Enon  Springs,  on  Great  North  mountain,  in  Frederick 
county,  15  miles  northwest  of  VV^inchester,  in  Shenandoah  valley,  the 
United  States  National  Museum  has  received  the  following  fossils  col- 
lected by  Mr  Geiger,  of  the  United  States  Geological  Survey : 

Spirif er  arenosus  (ConrtLil).     15954.  J/6(ft07?ior7)/m  sp.  undet.     16958. 

Plalyceras  magnifiaim  Hall.     l.*)957. 

From  the  northwest  pike,  six  miles  from  Winchester,  Spirifer  murcki- 
soni  and  S.  arenosiis  (15955)  were  collected  by  Mr  Geiger. 

From  the  drift  about  Washington,  D.  C,  and  Alexandria,  Virginia, 
have  been  gathered  many  characteristic  Ui)perOriakany  species,  of  which 
those  given  below  are  in  the  United  States  National  Museum.  The  origin 
of  this  drift  is  unknown,  but  it  must  be  either  from  the  west  or  northwest: 

Ftfi'o«7<'»,  ramose  form.     18137.  Anoplolheca  flabeilite*  {C<}nnLi\), 

TeiUacxdiieB  acula  Hall.     18166.  Spirifer  arenomis  (Conrad).    28105. 

Camarolcechiu  speciom  Hall.     17494.  Mytilarca  sp.  undet.     18149. 

In  southwestern  Virginia,  near  the  Tennessee  state  line.  Professor  J.  J. 
Stevenson  has  observed  the  Oriskany  sandstone  in  a  number  of  places. 
It  is  there  never  more  than  40  feet  thick,  and  may  repose  either  on  the 
New  Scotland  member  of  the  Ilelderbergian  or  on  the  Clinton.    It  is 

•Kept.  Geol.  Survey  Va.  for  1k37-'S8.  From  "A  Reprint  of  Ann.  Kept,  on  the  Geology  of  the  Vir- 
giniaf*,''  Appleton,  1884,  pp.  n?»,  IfW. 
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always  covered  by  tlie  "  Black  shale  "  of  SafTord  or  iU  equivalent  in  this 
region — the  Hamilton  Torniation  of  Stevenson.  The  latter  describes  the 
Oriskany  as  follows : 

'*  This  is  a  sandstone,  probably  not  more  than  35  or  40  feet  thick,  which  is  shown 
in  the  Poor  valley  of  Powell  river  [  [^ee  and  Scott  counties,  near  the  Tennessee  state 
line]  and  alon^  the  valleys  of  Wildcat  creek  and  the  North  fork  of  Clinch ;  also 
along  the  latter  stream  at  the  foot  of  Powell  mountain,  and  in  the  Hunter  valley 
at  Stony  creek.     .     .    . 

"The  Oriskany  sandstone  is  coarse,  reddish  on  exposed  surface,  but  white  on 
the  fresh  surface.  It  is  friable,  and  at  some  localities,  notably  along  the  North 
fork  of  Clinch  river,  it  readily  disintegrates  on  exposure.  .  .  .  This  roc*  con- 
tains Hipparionyx  proximwt  in  Stony  creek ;  in  the  Poor  valley  of  Powell  river,  it 
contains  MerisleUa  lata,  but  with  that  there  occur  some  forms  [fipirifer  perUimcl- 
Umui]*  belonging  to  the  Ilelderbergian. 

"The  Oridkany  was  seen  only  in  Bland  county,  where  it  is  exposed  at  the  foot 
ofRonnd  monntiiin  and  the  Garden  mountains,  as  well  as  alonj;  the  foot  of  Wolf 
Creek  mountain  in  the  '  Wilderness.'  The  rock  is  a  thin  sandstone,  which  resists 
the  weather  so  well  as  to  make  a  small  ridge.  ...  As  shown  in  the  *  Wilder- 
ness,' the  rock  is  a  moderately  coarse  gray  sandstone,  evidently  not  more  than 
ten  feet  thiek."t 

A  Lower  Oriskany  horizon  appears  to  be  present  on  Flat  Top  mountain, 
near  Saltville,  Snoythe  county,  Virginia.  Here  in  chert  were  collected 
the  following  specie:^,  which  the  writer  identified  for  a  correspondent  of 
the  United  States  National  Museum : 

IjepiocaHa ,  fragmen t.  Rkynchospira,  near  globata ,  but  wi th  t  h  ree 

AferUilfUa .  central  plications,  on  each  side  of  w h  ich 

Spirifrr  hemicyelus  Meek  and  Worthen.        are  two  large  ones. 
Oioiiein  meUmica  Billings.  ZapkrerUiSf  like  Z.  retmeri. 

Platyceras  gehhardi  Conrad. 

CLEAR  CRBBK  LIMESTONE  AND  UPPER  ORISKANY  OF  ILLINOIS 

In  the  spring  of  1858  Professor  A.  H.  Worthen  identified  the  Oriskany 
formation  in  Alexander  and  Union  counties,  Illinois,  but  did  not  de- 
scribe it  until  1866.  He  then  restricted  the  Oriskany  to  a  ^'quartzose 
sandstone  "  horizon  from  40  to  60  feet  in  thickness  overlying  his  "  Clear 
Creek  limestone. "J  The  former  horizon  was  then  regarded  as  the  base  of 
the  American  Devonian,  but  in  southern  Illinois,  he  writes — 

*•  It  is  underlaid  by  a  fo^up  of  silicious  limestones  [Clear  Creek  limestone],  that  in 
their  upper  be<ls  contain  well  marked  Devonian  fossils,  and  below,  those  that  seem 
to  l)e  characteristic  Upper  Silurian  forms ;  thus  forming  beds  of  passage  from  the 

•Prof.  Amer.  PliII.  Sqr..  January,  1881,  p.  234. 

tn)ici.,  March,  1887,  p.  H4. 

JGeol.  Survey  of  111.,  vol.  i,  18»i6,  pp.  124-120. 
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Upper  Silurian  to  the  Devonian  systems.  .  .  .  We  have,  therefore,  drewn  the 
dividing  line  between  the  Devonian  and  Upper  Silurian,  in  our  general  section, 
through  this  limestone  group  underlying  the  Orjskany -sandstone"  (pp.  125, 126). 

In  the  second  volume,  Meek  and  Worthen  *  state  that  ''the  name 
*  Clear  Creek  limestone'  was  provisionally  used  for  a  series  of  strata 
holding  a  position,  in  Union  and  some  of  the  adjoining  southern  coun- 
ties, between  the  so-called  Hudson  River  group  of  the  Ijower  Silurian, 
and  a  Devonian  sandstone  that  had  been  identified  with  the  Oriskany 
sandstone  of  New  York."  Mr  Engehnann  secured  more  fossils  *'at  dif- 
ferent horizons  above  the  middle  of  the  doubtful  series/'  and  these  were 
*'  found  to  indicate  that  at  least  a  considerable  portion  of  these  beds  are 
more  nearly  allied  to  the  Oriskany  sandstone  than  to  the  Upper  Silurian." 
Meek  and  Worthen  sought  to  avoid  this  uncertainty  and  delayed  tlie 
printing  of  volume  ii  until  the  region  could  be  revisited  by  them.  This 
trip  resulted  in  their  finding  fossils  of  Helderbergian  a^e  in  the  lower 
200  feet  of  the  Clear  Creek  limestone,  a  result  in  harmony  with  tliat  at- 
tained by  Doctor  Shumard  in  I855.t  In  the  upper  part  of  the  Clear 
Creek  limestone,  or  '^cherty  limestone,  or  chert  formation,  as  it  might 
properly  be  called,"  was  found  a  fauna  confirming  the  conclusion — 

"  That  a  considerable  portion  of  the  cherty  limestone  forming  the  upper  part  of 
the  Clear  Creek  series,  as  first  understood,  belongs  to  the  Oriskany  period,  and  that 
this  line  between  the  Upper  Silurian  and  the  Devonian,  of  this  region  shouM  l« 
drawn  between  these  cherty  beds  and  the  strata  below,  equivalent  to  those  from 
which  we  collected  the  Lower  Helderberg.  Exactly  how  far  down  in  the  serin 
this  line  should  be  carried  we  are  unable  to  say,  as  we  found  no  abrupt  lithological 
change,  and  we  saw  no  fossils  near  the  horizon  of  the  probable  junction.  From 
all  the  facts,  however,  we  are  led  to  believe  that  (KMSsibly  as  much  as  200  feet,  and 
probably  more,  of  these  beds  should  be  included  in  the  Oriskany."  { 

nie  *'  Clear  Creek  group  "  is  from  this  time  restricted  to  the  cherty 
limestones,  above  a  thin  band  of  brown  shale  of  the  '*  Clear  Creek  lime- 
stone," as  formerly  defined,  while  the  lower  half,  200  feet  in  thickness, 
is  referred  to  the  New  Scotland  horizon  of  the  Helderbergian.  It  should 
also  be  borne  in  mind  that  the  passage  from  the  latter  into  the  Clear 
Creek  limestone,  as  restricted,  is  not  marked,  agreeing  in  this  with  the 
passage  from  the  Becraft  limestone  into  the  Ix>wer  Oriskany  at  Becraft 
mountain,  near  Hudson  and  Port  Jervis,  New  York. 

According  to  Meek  and  Worthen,§  the  **quartzo8e  sandstone"  over- 
lying the  Clear  Creek  limestone  contains  a  small  Zaphreniis,  Pknrodic' 

*  (ieol.  Survey  of  III.,  vol.  ii,  1860,  p.  x. 

fGeol.  of  Mu.,  1H.V>,  p.  109. 

X  hoc.,  oit.,  p.  xii. 

jGeol.  Survey,  of  III.,  186C,  pp.  xlii,  xiv. 
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tyum  problimaticum^  Orthis  (^Rhipidoinella)  muscubm,  Stropheodmita  mag- 
nifiea,  Amphigenia  dongata  var.  curia,  and  Dalmanitea  (^Odontocqyhalus)  sp. 
undet.  *'  We  have  concluded  to  place  it  provisionally  as  an  upper  stratum 
of  the  Oriskany/'  Since  the  Clear  Creek  limestone  fauna  is  to  be  corre- 
lated with  that  of  Becraft  mountain,  or  the  Lower  Oriskany,  it  follows 
that  the  quartzose  sandstone  holds  the  horizon  of  the  typical,  or  Upi>er, 
Oriskany,  as  developed  in  Albany  and  Schoharie  counties,  New  York. 

The  following  Lower  Oriskany  fauna  of  the  "  Clear  Creek  limestone  " 
of  Alexander,  Jackson,  and  Union  counties,  Illinois,  is  on  the  authority 
of  Meek  and  Worthen  : 

Anoplia  nucleaia  Hall.  Sjnrifer  hemicydus  Meek  and  Worthen. 

Camaroicechia  speciom  Hall.  MegalaiUeris  condoni  (MeOheeney). 

E(Uonia  peculiaris  (Ck)nrad).  iHrophoslylus  (?)  caucellaius  Meek  and 

Amphigenia  curia  Meek  and  Worthen.  Worthen. 

A  naplolheca  flabeUiies  CCon rad] .  PUUyceras  gebhardi  Con rad . 

Spirifer  engelmanni  Meek  and  Worthen  Plalyceras  {Orihonychia)  torluosum  Hall. 
(=  S.  worthenanvM  Schuchert). 

CAMDEN  CHERT  OF  TENNESSEE 

There  appears  to  be  no  Oriskany  present  in  eastern  Tennessee,  but  in 
the  western  part  of  the  state  this  formation  is  developed  and  is  appar- 
ently a  continuation  of  that  of  southern  Illinois.  It  is  described  by 
Professor  Safford  *  as  follows : 

**In  March,  1S55,  the  writer  discovered  in  Benton  county,  Tennessee,  at  sev- 
eral points,  ezc^ltent  ontcrops  of  Lower  Helderberg  shales  and  limestones  very 
rich  in  fossils.  The  discovery  was  important,  since  it  settled  the  question  as  to 
the  presence  of  the  Lpwer  Helderberg,  as  a  distinct  formation,  in  Tennessee  west 
of  the  meridian  of  Nashville.  In  subsequent  years,  this  discovery  also  led  to  a 
recognition  of  the  chert  now  referred  to  as  Oriskany,  which  I  have  designated  the 
Camden  chert  for  the  reason  that  at  Camden,  the  county-seat  of  Benton,  is  seen 
one  of  its  best  exposures. 

**One  of  the  localities  discovered  iu  Benton  county  was  a  bluff  on  Big  Sandy 
river,  about  5  miles  from  its  mouth,  at  a  point  then  in  Henry  county,  and  known 
as  the  old  Williams  mill  site.  This  locality  is  referred  to  in  '  Geology  of  Tennes- 
see,' I8d9.  As  stated  on  page  325  of  that  book,  there  are  here  exposed  about  50 
feet  of  bluish  limestone,  mostly  shaly.  Above  this  and  mnning  back  on  a  slope 
from  the  precipitous  portion  of  the  exposure  *  are  loose,  angular,  flinty  masses, 
containing  the  fossils  of  the  rocks  below,  and  derived  from  cberty  layers  not  seen.' 
The  foflsils  in  the  chert  were  not  numerous  nor  in  good  condition,  but  what  was 
seen  of  them  led,  at  the  time,  to  the  foregoing  conclusion. 

'*  In  1884  I  recognized  the  chert  at  Camden  as  a  distinct  formation.  I  had,  in 
passing  through  the  country,  seen  this  horizon  and  had  referred  it  without  special 
examination  to  the  *8iHcious  group'  (lowest  of  Subcarboniferous),  outcrops  (-f 


♦Amer.  Jour.  Sci.,  June,  1899. 
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which,  very  like  the  cheii;  of  Camden,  are  seen  at  many  points  in  Benton  and 
connties  north  and  south  of  it.  In  my  excursion  of  1884,  however,  I  stopped  for 
some  time  at  Ckmden  to  study  the  formations.  The  fossils  in  the  chert  arrested 
my  attention,  and  reminded  me  of  those  in  ttie  flints  seen  at  Williams'  mill  in 
1855.  But  at  Camden  the  chert  was  in  comparatively  ^reat  force,  at  least  60  feet 
of  it  being:  exposed.  At  first  I  was  inclined  to  consider  the  chert  a  division  of  the 
J^wer  Helderberg,  but  subsequent  studies  of  the  fossils  at  home  forced  me  to  the 
conviction  that  as  a  group  they  must  be  Oriskany.  The  fact  that  the  formation 
was  one  of  chert  also  pointed  to  this. 

^'Afterwards,  in  1885,  1886,  and  1887, 1  visited  localities  where  I  thought  the 
Camden  might  outcrop.  One  of  these  is  Big  Sandy  station,  in  Benton,  on  the 
Memphis  branch  of  the  Louisville  and  Nashville  railroad,  and  near  the  point  where 
the  road  crosses  Big  Sandy  river.  Here  I  found  the  chert  well  developed  and 
abounding  in  fossils.  The  outcro|>s  are  as  extensive  and  as  good  as  at  Camden. 
For  several  miles  south  of  Big  Sandy,  the  chert  appears  on  the  hillsides  as  loose 
angular  gravel. 

**  Five  miles  south,  on  the  Lower  Camden  road,  Lower  Helderberg  limestones 
are  seen  cropping  out  from  beneath  Camden  chert,  with  Tertiary  beds  also  over- 
lapping all  in  unconformable  contact. 

"In  Henry  county  the  Camden  chert  outcrops  in  considerable  areas,  west  and 
south  of  the  Williams  Mill  locality.  It  is  seen  in  limited  thickness  above  the 
Lower  Helderberg  in  Decatur  county,  and  in  the  same  relation,  east  of  the  Tennessee 
river,  in  Stewart  county.  In  the  latter  locality,  it  outcrops  in  the  bluff  on  the 
Cumberland  river  below  Cumberland  city.  The  greatest  development  of  it,  how- 
ever, is  on  the  west  side  of  the  Tennessee  river,  in  a  strip  of  country  lying  in 
Henry,  Benton,  and  Decatur  counties. 

**In  1897  I  called  the  attention  of  Mr  Schuchert  to  the  Camden  chert,  at  the 
same  time  trusting  he  might  be  able  to  visit  the  Camden  locality.  This  he  did, 
collecting  a  series  of  fossils,  which  he  studied,  kindly  giving  me  the  results.  1 
Jim  under  special  obligation  to  him  for  this  visit." 

CAMDEN  LOWER  ORISKANY  FAUNA 

In  the  spring  of  1897  the  writer  collected  Lower  Helderberg  fossils  in 
western  Tennessee,  and  while  in  Nashville,  Professor  Safford  also  directed 
his  attention  to  a  lot  of  Camden  chert  organisms.  Since  no  strata  of 
Oriskany  age  had  been  recorded  in  Tennessee,  the  importance  of  deter- 
mining the  equivalency  of  the  Camden  chert  with  other  regions  made 
it  desirable  to  know  more  of  its  fauna,  and  with  that  object  in  view,  a 
collection  was  made  at  Camden. 

The  fossils  of  this  formation  are,  as  a  rule,  natural  casts  both  of  the 
interior  and  exterior  of  the  organism,  and  preserve  in  detail  the  finest 
markings.  This  fauna  is  closely  related  to  that  described  by  Meek  and 
Worthen*  from  the  "Clear  Creek  limestone"  of  southern  Illinois,  in 
Alexander,  Jackson,  and  Union  counties.  From  this  region  are  known 
but  11  species,  and  8  of  these  are  also  found  in  Tennessee.     They  are 

♦  Geol.  Survey  of  III.,  vols.  I,  ii.  and  ill. 
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Aiwplia  nudeaUiy  Anoplotheca  fhibelUtes,  Eatonia  jteculiariSy  Sfpirijer  worLken- 
aniw,  S,  hemicyduB^  MegahinterU  condonl^  Amphigenia  curia, And  Slrophoslylua 

The  "  Clear  Creek  limestone  "  of  Illinois  is  intimately  connected  with 
the  Helderbergian  below,  and  is  not  less  than  200  feet  thick,  being  fol- 
lowed by  a  '^  quartzose  sandstone  "  from  40  to  60  feet  in  depth.  The  latter 
is  probably  equivalent  to  the  Upper,  or  typical,  Oriskany  of  New  York, 
and  does  not  appear  to  be  present  in  western  Tennessee.  From  Pro- 
fessor Saflford's  description  of  the  Camden  cliert,  it  is  evident  that  the 
I^ower  Oriskany  thins  rapidly  southward.  In  Tennessee  it  is  about  60 
feet  in  thickness,  while  it  is  not  less  than  200  feet  thick  in  Illinois, 
exclusive  of  the  Upper  Oriskany  which  is  entirely  absent  in  the  former 
state. 

The  Camden  chert  fauna  contains  32  species,  and  6  of  these  are  re- 
stricted to  southern  Illinois  and  western  Tennessee^  Of  the  entire  fauna, 
24  species  are  found  either  in  the  Helderbergian  or  in  the  Lower  Oriskany 
of  other  regions,  and  20  occur  in  the  Upper  Oriskany,  or  Onondaga. 
After  removing  the  13  species  common  to  both  the  Lower  and  Upper 
Oriskany  and  the  2  restricted  forms,  17  remain.  Of  these  10  occur  either 
in  Helderbergian  or  Lower  Oriskany  rocks  of  other  regions,  while  6  are 
found  in  higher  beds.  This  evidence  therefore  indicates  clearly  a  Lower 
Oriskany  age  for  the  Camden  chert  of  Tennessee  and  the  "  Clear  Creek 
limestone  '■  of  Illinois,  which  indication  is  the  more  marked  because  of 
the  absence  of  such  characteristic  Upper  Oriskany  species  as  Hippnrionyx 
projclmuSy  Chanoslrophia  coDipltuiata,  Sp  Infer  arenosus,  Reiisaelasria  avoules, 
MeristeUa  laUi^  Oamarotcechia  pleiopleura,  C.  harrandei,  or  C,  speclom. 

The  following  is  the  Lower  Oriskany  fauna  of  the  Camden  chert  or 
Camden,  Benton  county,  Tennessee : 


M     . 

OD   d> 
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Zaphrenlui  roemeri  Hall  ?  2693S. . . 
Pholidops  tenniTiaiu  Hall.  26939. . 
Hippanonyx  proximus  Vanuxem? 

species.    20940 

Ch(meU$  mucnmatus  Hall?    26941 

"       mdaniea  Billings.     26942,  26943. . 
Ckmotirophia  reverm  (Whitfield).     26944. 


A  very  small  specimen  of  this 
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*  H  =>  Helderbergian  ;  O  »  Oaoudaga. 
XL VI— Bull.  Qiol.  Soo.  Am..  Vol.  11,  1899 
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StropJieodonta  ( Leplostrophia)  perplana  (Con rad ).     26945. . 

Orthothdes  woohvmihanm  Hall.     26947 

Anoplia  nudeaUi  Hall.    26946 *. 

Ourtina  aJftniM  Billinsa.    26948 

Metaplasia  pyjcidata  Hal].     26951 

Spinfer  hemicyclus  Meek  and  Worthen.    26949 

•^     iribulis  Hall,    26953 

**      tuorilieiianus  Schuchert.    26950 

Anoplotfi^caflabellites  (Conrad).     26954 

Mertstella  l«ns  (Vaniixem).    26958 

**        8p.  undet.     26857 

Airypa  relicuUtris  Linn^.     26959 

Eaionia  pecidiaris  (Conrad).     26961 

Amphigenia  curia  Meek  and  Worthen  ?    26962 

Retmelxria  ovoldes  (Eaton)  ?    26964 

Megaianieris  eondoni  (McChesney).     26963 

TerUaculiUs  actda  Hall.     26965 

AvictUa  cfr.  obscura  Hall.     269(i6 

Actinopteria  cfr.  Uxtilis  Hall.     26967 

PlatycerM  magfiificum  Hall  ?    26J»69 

"         ( Orihojiychia)  torlmsam  ( Hrtll )  ?    26968 

Diaphorogtotfui  lurbinala  (Hall).     26970 

Strofthodyius  (?)  cancellalua  Meek  and  Worthen.     26971 . . 

Phacops  cristata  Hall.     26973 

Odracoda     26972 
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GEORGIA  AND  ALABAMA  ORISKAKY 

It  has  been  stated  that  the  Oriskany  thins  out  rapidly  in  Virginia 
toward  the  Tennessee  state  line,  and  the  thickness  is  given  as  about  40 
feet.  Nothing  is  known  of  this  formation  in  eastern  Tennessee,  but  it  is 
present  in  the  western  part  of  the  state  as  a  chert  horizon  not  less  than 
60  feet  thick.  In  Floyd  county,  Georgia,  and  in  Cherokee  county,  Ala- 
bama, the  Oriskany  is  again  present,  having  a  thickness  of  not  more 
than  20  feet.  It  here  bears  the  name  of  **  Frog  Mountain  sandstone,*' 
and  is  described  by  Mr  C.  W.  Hayes  *  as  follows : 

**  A  few  miles  southwest  of  the  region  mapped  [Cooea  valley  of  Georgia  and 
Alabama]  the  Kockmart  slate  is  overlain  by  a  thin  bed  of  white  quartzoee  sand- 
stone, and  this  by  fosstliferous  chert.  .  .  .  There  are  between  Indian  and 
Weisner  mountains  several  small  areas  oocnpied  by  a  formation  which  comes  in 


*  Bull.  Cfeol.  Soc.  Amer.,  vol.  5,  1894,  p.  470. 


GEORGIA    AND   ALABAMA   ORISKANY  323 

contact  with  all  the  older  rocks  thus  far  described  [Middle  Cambric  to  top  of  Cham- 
pUiiiic].  It  consists  of  coarse  ferruginous  sandstone,  in  some  places  white,  resem- 
bling quartzite,  and  in  others  yellow  or  gray  and  weathering  to  incoherent  beds 
of  sand.  Beneath  this  sandstone  and  usually  deeply  covered  by  its  debris  are 
shales,  also  variable  in  composition  and  appearance.    .    .    . 

''A  number  of  fossils  have  been  found  [by  Mr  Cooper  Curtice]  in  these  sand- 
stones of  Frog  mountsiin  [Cherokee  county,  Alabama]."  They  include  Zaphrentis 
(28109),  Spirifer  armoaus,  8,  murchigoni  (28099),  and  Orthis  (RhipidomeUa)  mutculoM  t 
**  Concerning  these  fossils  Mr  Walcott  says  that  all  the  specific  determinations  are 
uncertain,  but  the  horizon  of  the  Oriskany  sandstone  is  strongly  suggested  by  the 
general  fac'ies  of  the  fauna."  * 

"A  few  miles  south  of  Cedartown,  Georgia,  the  stratigraphic  relations  are  shown 
better  than  in  the  disturbed  region  about  Frog  mountain,  though  no  fossils  have 
been  collected.  Resting  on  the  Rockmart  slate  [Champlainic]  is  a  bed  of  sand- 
stone not  more  than  20  feet  thick,  and  upon  this  is  a  fossilifei-ous  chert.'' f 

On  Armuchee  creek,  at  the  northeast  end  of  Laven<1er  mountain,  in 
Floyd  county,  adjoining  the  Alabama  state  line,  Mr  A.  H.  Brooks,  of  the 
United  States  Geological  Survey,  gathered  unmistakable  Oriskany  fos- 
sils from  chert  beds,  which  contain  the  following  species,  as  identified 
by  the  writer : 

Orthu  (Rhipidomella)  munculosa  Hall.  Spirifer  tribtUig  Hall.    28076. 

28078.  Meristella  cfr.  vxilcotti  Hall  and  Clarke. 
Strop9ieodonta  magnifica  Hall.    28077.  28074. 

AnojAollieca  fimhriata  (HM).     28075.  Ambocctlia  umhcnaia  (Qonr?^),     2S073. 

OBJSKA NY  OF  C A NA DA 

Cayuga^  Ontario. — In  the  region  of  Cayuga  lake,  New  York,  the  Upper 
Oriskany  is  sparingly  present  and  is  fossiliferous,  but  west  of  Ontario 
county  it  is  only  present  '*  in  small  lenticular  patches,"  or  in  "  nodules 
of  dark  colored  non-fossiliferous  sandstone  which  hold  the  position  and 
preserve  the  characters  of  the  Oriskany  sandstone  in  other  localities. "J 

The  Oriskany  sandstone  is  not  again  seen  until  some  distance  beyond 
the  Niagara  river,  in  the  province  of  Ontario,  Canada,  near  Cayuga.  This 
formation  is  described  by  Tx)gan  §  as  follows : 

"  In  the  township  of  Oneida  and  North  Cayuga  .  .  .  there  are  large  ex- 
posures of  the  [Oriskany]  rock.  It  is  composed  of  fine  grains  of  white  quartz,  in 
Some  parts  so  closely  cemented  as  to  assume  the  characters  of  a  white,  compact 
quartzite.  .  .  .  The  beds  are  massive,  and  from  6  inches  to  6  feet  thick.  .  .  . 
The  greatest  thickness  of  the  mass  may  lie  about  25  feet,  but,  though  now  and  then 
attaining  10  feet,  it  seldom  exceeds  about  6,  and  it  is  frequently  wanting  between 
the  Waterlime  series  and  the  overlying  Corniferous  formation." 

♦  Bull.  Geol.  Soc.  Amer.,  vol.  5, 1894,  p.  470. 
t  Hayes  :  Amer.  Jour.  Sci ,  vol.  47,  1894,  p.  2:J7. 
I  Hall :  Pal.  N.  Y.,  vol.  iii,  1H59,  pp.  401-. 
I  Geol.  of  Canada,  186.'),  p.  360. 
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In  1895  the  present  writer  spent  two  days  in  collecting  Oriskany  fos- 
sils for  the  United  States  National  Museum,  at  localities  about  6  miles 
northwest  of  Cayuga.  It  is  from  these  outcrops  that  all  the  Ontario 
Oriskany  fossils  are  derived  which  were  collected  through  many  years 
by  Mr  John  De  Cew,  furnishing  Professor  Hall  his  collections.  These 
the  writer  worked  out  when  assistant  to  the  New  York  State  geologist, 
and  a  list  of  them  was  published  on  pages  51-55  of  the  '*  Eighth  Annual 
Report  of  the  State  Geologist  of  New  York,  for  the  year  1888,"  issued  in 
1889.  When  this  work  was  in  hand,  it  was  apparent  that  there  had  been 
some  mixing  of  Corniferous  corals  with  those  of  the  Oriskany  fauna, 
and  a  number  of  species  were  then  eliminated.  It  now  appears  that 
more  of  these  corals  must  be  removed  from  Professor  Hall's  Oriskany 
collection,  and  a  number  are  not  included  in  the  list  given  below. 

The  unconformity  between  the  Oriskany  and  the  Waterlime  groups 
is  not  a  marked  one.  A  short  distance  east  of  Mr  David  Fleming's  fann, 
the  Oriskany  is  16  feet  thick  and  rests  on  the  evenly  bedded  or  domed 
Waterlime  group.  The  contact  is  well  shown,  with  the  bottom  of  the 
Oriskany  somewhat  uneven  and  filling  the  fissures  in  the  Waterlime 
group.  On  the  farms  of  Mr  Fleming  and  Mr  Anderson,  the  sandstone 
is  not  more  than  6  feet  thick  and  is  abundantly  fossiliferous.  In  other 
closely  adjacent  places,  the  upper  layers  of  the  Oriskany  are  thin  bedded, 
containing  rarely  a  Coral  of  Corniferous  age.  Above  these  layers  is  the 
Onondaga  chert. 

North  of  the  quarry  east  of  Mr  Anderson's,  the  Oriskany  is  seen  in 
low  domes,  and  in  some  of  the  depressions  between  them  thin  bedded 
cherty  limestones  occur,  preserving  Bryozoa,  trilobites,  or  an  occasional 
coral  of  Onondaga  age. 

Upper  Oriskany  Fauna  of  Ontario, — The  following  forms  were  obtained 
in  Oneida  and  North  Cayuga  townships,  Ontario,  Canada  : 


FavosUe8  conicus  Hall.     Hall  collection 

**       gothlaf idictut  LAm&rck,    CJeological  Survey  of  Canada, 

**       hemUphericus  Troost.    Geological  Survey  of  Canada . 

**       lurbinatus  Billings.     Geological  Survey  of  Canada. . . 

"       sp.  unclet.     28054 

**       sp.  undet.     28055 

Heliophyllum  exigxium  Billings.  Geological  Survey  of  Canada. 
CyMiphyUnm  mlcatnm  Billings.    Geological  Survey  of  Canada 
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Zjaphrentis  prclifica  Billinfl;&    Geological  Survey  of  Canada. . . . 

Polypora  hexagonalu  Hall.     Hall  collection 

Hemitrypa  sp.  undet     28056 

OrlnctUoidea  ampla  Hall 

Phdidopt  terminals  Hall.     28057 

Chonwitrophia  complanata  Hall 

ChonfieM  JiemiMphericus  Hall 

"       mucronatuji  Hall  ? 

Orthia  (HhipidaineUa)  livia  (Billing) 

mtocutow  Hall.     28058 

LejAxna  rtiatnboidalis  Wilckens 

^ropheodwUti  demiMa  (Gonrad)  var.    28062 

hemispherica  Hall 

msequxTodiata  Hall.     28059 

WMi^i/fca  Hall.     14781,28063 

magniventer  Hall.     28061 

perplana  (Oonmd).    28060 

vatcularia  Hall 

fUropkanella  amjda  Hall 

HipparUmyx  proximu8  Vanuxem.     14719,  28069 

OrihotheUM pandora  (Billings) 

CamaroifBcnia  billingn  Hall. 

Katonia  peculiarui  (Conrad) 

Pftitnmerella  araia  (Conrad) 

A inphigenia  eUmgata  ( Vannzem).  Geological  Survey  of  ORnada 

Spirifer  arenaatu  (Conrad).     28068 

•'^      murchismi  Caaieina.u,     28066 

"       tribulis  Hall  (=  ?  S,  duodenarius  Hall).     28067 

Metaplagia  pyxidata  Hall 

Cyrtina  rottrata  Hall  ?  (or  C.  hamiltonenmn  t),    28066 

NucUotpira  elegana  Hall.     Hall  collection 

Anoploiheca  dichotama  (Hall) 

flaMliies  (Conrad) 

A (rypa  reticularis  LinnL     28064 

MerisieUa  sciiula  Hall 

lata  Hall.    28071 

fcntaHall.    28038 

**        walcoUi  Hall  and  Clarke.    28070 

Hennelseria  cayuga  Hall  and  Clarke,     14778,  28039,  28040. 

CaUronella  glanifagea  Hall.     Hall  collection 

*'  mmuia  Billings.    Hall  collection 

"  alveola  Hall.     Hall  collection 

TentactUiles  armaswt  Hall.     28041 

PUUyceraa  carinatum  Hall.     Hall  collection 

*•*  cancavum  Hall.    Hall  collection 

**  dentalium  Hall.     Hall  collection 

«•  rtodo«um  Conrad.     28048 

Dinphoroatoma  ventricosa  (Conrad).     28049,  14783 

CiUlonema  ap.  undet     28050 

CyriolUes  ejrpannu  Hall : 

Loxonema  mibattmualum  Hall  ?    28051 

AtAinopleria  textilis  armaria  (Hall).     28045 
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A  iriciUopeden  8p  undet    28042. . 
Pteritiea  eft,  ftabeUum  (Conrad). 

MylUarca  sp.  undet     28046 

Cypricardinia  ^mulaia  Conrad. . 
*'  indent  Conrad. 


28043. 


ConocartHum  trigonale  (Phillip?) 

Conufnria  near  C*.  untfuUUa  Conrad 

JMlmaniies  {Chagmopa)  atichiops  (Green) 

*•         (Oikmiocheilf)  pieuroplyx  (Green). 

Phncops  cristaUi  p\pa  Hall.     28()53 

yVcw/tw  croMimar^naius  Hall 

Fish  spine 


28052. 


From  the  Oriskan}'  sandstone  of  Ontario,  71  species  are  now  known, 
and  of  these  not  less  than  42  are  also  found  in  the  Onondaga  limestone 
above.  The  close  aflSnity  of  this  Oriskany  fauna  with  that  of  the 
Onondaga  is  made  more  apparent  when  it  is  noted  that  36  species  of  the 
71  constituting  the  Ontario  Oriskany  do  not  occur  elsewhere,  and  that 
31  of  these  are  typical  Onondaga  limestone  species.  About  half  the 
species  restricted  to  the  Oriskany  of  Ontario  (36)  are  therefore  early  in- 
troductions of  species  characterizing  the  Onondaga  limestone.  Further, 
a  person  collecting  fossils  in  this  region  will  find  diflSculty  in  distin- 
guishing the  Oriskany  fossils,  mainly  corals,  of  the  thin  upper  layers 
from  those  of  the  Onondaga. 

That  the  Ontario  Oriskany  fauna  is  probably  considerably  younger 
than  the  Upper  Oriskany  of  New  York  or  of  the  Appalachian  region,  is 
also  indicated  by  the  absence  of  the  Esopus  grit  in  Ontario  and  the 
many  species  common  to  it  and  the  Onondaga  cherty  limestone.  More- 
over, of  the  71  species  found  in  Ontario,  but  16  occur  in  the  Lower  Oris- 
kany of  New  York,  and  but  8  Helderbergian  species  are  present.  These 
figures,  as  thus  stated,  do  not  so  forcibly  bring  out  the  fact  of  its  younger 
age  as  when  it  is  remembered  that  42  of  the  71  species  are  also  found  in 
the  Onondaga  limestone  of  the  same  region,  while  of  the  56  species  con- 
stituting the  New  York  Upper  Oriskany  fauna,  but  11  are  in  the  Onon- 
daga and  30  are  present  in  the  Ix)wer  Oriskany.  In  otlier  words,  more 
than  half  the  New  York  Upper  Oriskany  species  also  occur  in  the  Lower 
Oriskany  of  the  same  state,  while  in  Ontario  about  60  per  cent  occur  in 
the  Onondaga  and  but  20  per  cent  in  the  Lower  Oriskany  fauna. 
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Gaape,  Quebec. — In  the  counties  of  Gaeip^  and  Rimouski,  unconform- 
ably  overlying  the  Quebec  group,  "  is  a  series  of  limestones  about  2,000 
feet  in  thickness."    In  regard  to  these  limestones,  Billings  *  writes  that — 

''The  entire  volume  of  these  limestones  is  about  2,000  feet.  The  two  lower 
divisions  (1  and  2)  [160  feet]  are  most  probably  Silurian,  about  the  age  of  the 
[Lower]  Helderberg  of  Ihe  New  York  ji^logists.  The  upper  two  members  (7  and 
8)  [SOO  feet]  are  nearly  of  the  age  of  the  Oriskany  sandstone,  and  are,  therefore, 
about  the  base  of  the  Devonian.  Divisions  4,  5,  6  [880  feet]  may  be  regarded  as 
constituting  passage  beds  between  the  Upper  Silurian  and  I>evonian." 

There  can  be  no  doubt  that  **  division  8  "  of  the  "  Gasp6  limestone  " 
is  equivalent  to  the  Oriskany  of  New  York,  and  while  there  are  nearly 
as  many  Lower  as  Upper  Oriskany  species  present,  the  writer  inclines 
to  regard  this  division  as  of  Upper  Oriskany  age.  In  the  sandstones 
1,100  feet  above  **  division  8  "  occur  three  Oriskany  species — Slroplieodonia 
blainirillei  (Billings),  RensseUerin  ovoides  (Eaton),  and  AnoplolhecaflabellUes 
(Conrad).  From  the  same  horizon,  Billings  has  described  Zaphrentis 
corticain,  Chonetes  canadensis,  C,  dawsoni,  C,  antiopfy  Stroplieodonta  blain- 
viUei,  S.  Udlia,  Spirifer  ga>spensis,  Grammysia  canadensis^  Murchisonia  egre- 
gia,  and  Modioinorphia  inornata.  On  the  basis  of  the  known  fossils, 
there  is  no  positive  evidence  that  the  lower  1400  feet  of  these  sandstones 
should  not  be  regarded  as  of  Oriskany,  or  at  least  of  Esopus,  age. 
However,  the  entire  Gasp6  limestones  and  sandstones  of  more  than 
9,000  feet  thickness  appear  to  represent  uninterrupted  deposition  from 
early  Helderbergian  time  to  the  close  of  the  Devonian.  Regarding  this, 
Professor  Hall  t  states  that — 

"  From  the  Repoilsof  the  Canadian  Geological  Survey  we  learn  that  the  physical 
conditions  in  the  northeastern  part  of  that  territory,  from  the  l>eginning  of  the 
Oriskany  period,  continued  with  little  change  through  a  long  interval,  and  so  uni- 
form as  to  have  prevented,  up  to  the  present  time,  the  establishment  of  any  lines  of 
subdivision  among  the  strata,  which  in  their  lower  part,  bear  fossils  characteristic 
of  the  Oriskany  sandstone,  and  in  their  higher  members  those  which  mark  the 
period  of  the  Hamilton  and  Chemung  groups  of  New  York.'' 

Of  the  Gaspe  limestones  and  sandstones,  Logan  J  writes  as  follows : 

*'  The  limestones  of  cape  Gasp^  appear,  for  the  most  part,  to  belong  to  the  Lower 
Helderberg  group.  The  fossils  of  the  summit,  however,  bear  a  striking  resemblance 
to  those  of  the  Oriskany  formation,  with  which  several  of  them  are  identical.  It 
appears  probable,  therefore,  that  we  have  here  a  passage  from  thelxiwer  Helder- 
berg to  the  Oriskany,  and  the  latter  formation  may  be  more  especially  represented 
by  the  lower  part  of  the  Gasp^  sandstones.  .  .  .  We  have  already  mentioned 
that  a  species  of  Rensselseria^  identical  with  or  closely  resembling  H.  ovoideSj  which 

♦  PrI.  Foselle,  vol.  il,  pt.  i,  1874,  p.  2. 
t  Pal.  N.  v.,  vol.  iil,  1859,  p.  HH. 
X  Oeol.  Canada,  1863,  p.  403. 
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oocars  in  the  upper  part  of  the  limestones,  is  met  with  at  1,100  feet  above  the  bue 
of  the  sandstone  series.  This  fact,  together  with  the  constancy  in  the  lithological 
characters  of  the  latter,  make  it  not  improbable  that  at  least  this  lower  portion  of 
the  sandstones,  will  ultimately  be  classed  with  the  Oriskany  formation  "  (p.  403). 


Ells*  also  regards 
that— 


'  divisions  7  and  8  "  as  Oriskany,  since  he  says 


''  We  have  therefore  drawn  the  dividing  line  between  the  two  systems  to  reach 
the  coast  at  Cape  Gasp^,  by  which  the  passage  beds  [divisions  4,  5,  6  of  Logan] 
will  be  placed  as  the  upper  portion  of  the  Lower  Helderberg,  while  numbers  7  and 
8  of  the  scale  (vol.  ii,  Pal.  Fobs.),  will  be  assigned  to  the  lower  part  of  Lower 
Devonian." 

New  Brunswick^  CaixadoL. — In  New  Brunswick,  there  is  another  area  of 
Upper  Oriskany  on  Campbell  river,  which  is  described  by  Bailey  f  as 
follows : 

*'  A  small  area  of  soft,  dark  blue,  calcareous  slates,  and  soil,  dark  gray,  rusty  baff 
weathering  sandstones  referable  to  thie  age  [Oriskany]  occurs  on  Campbell  river." 


From  this  locality  Doctor  H. 
forms: 


M.  Ami  has  identified  the  following 


StropheodoiUa  magnijica  Hall. 
Hropheodonla  mriglricUa  Conrad  ? 
Leptxna  rhomboidcUis  Wilckens. 
Hipparionyx  proximus  Vanuxem. 
(Mfds  cfr.  oblaUi  Hall. 
Anaj}lolhecaJiab€UUe9  (Conrad). 


Eat&nia. 

Spirifer  murckisoni  Castelnau. 
Spirifer  sp.  undet. 
Actinopteria  texiilii  Hall. 
Megambonia  f 


Oriskany  fauna  of  Gaspe,  Canada. — This  is  '*  bed  8  "  of  Billings.  The 
specific  names  in  parentheses  are  Appalachian  equivalents.  Species 
with  an  *  also  occur  in  the  "  Gaspe  sandstone  "  above  *'  division  8," 


C 

o 

c 
O 


Zaphrentis  ijicondita  Billings  

**         cingtUosa  Billings 

FacosUes  goUandicus  Goldfuss.     (Authority  of  £lls.) 

PhillipsaMrea  affinis  Billings 

Polypora  (?)  psyche  Billings 

«Geol.  and  Nat.  Hl^t.  Survey  of  Canada,  Rept.  Prog.,  1882-*84,  1886,  p.  25£. 
fGeol.  Survey  of  Canada,  Ann.  Rept.,  n.  s.,  ii,  1887,  pp.  ^,  9N. 
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P 


I 

§ 
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_  i  (?)  torrfa  (BillinRs) 

honeUs  mefonica  Billines 

"       mticronaiuM  Hall 

Siropheodonta  gaUUea  (Billings) 

blainviUei  (Billings).    (Authority  of  Ells.) 

•*  magmventer  Hall 

**  inxquiradiata  Hall 

"  iretie  Billin{(8  (S.  magnifica  Hall) 

Lq)t«na  rliamboidalis  ( Wilckens) 

Strophondla  pundulifera  (Conrad) 

Orthis  [KhipidomtUa)  livia  Billings  (0.  {R.)  mtuctdosa  Hall) 

"    (Dalmanella  f)  hicia  Billings  (0.  [D,) planiconvexa  Hall)  . . 

"     (?)  aurelia  Billings 

RKynehonella  excellens  Billings 

**  dryope  Billings 

CamawioBchia  pleiopleura  Conrad 

Eatmia  peculiarU  (Conrad) 

*Renmlxria  ovoides  (Eaton).     14772 

*Aiwplotkecailab€llite8  (Conrad) 

Atrypa  reticularis  Linn^.     (Aathority  of  Ells.) 

Spinfer  mperba  Billings  (S.  arenomu  Conrad) 

•*      arenosus  (Conrad).     (Aathority  of  Ells.) 

'*      q/clopteru8  Hall  (probably  =  S.  arrfdm  =  S.  murchisoni) 

"      {Deithyris)  raricoMus  Conrad 

Cyrtina  afiinis  Billings 

MerisUUa  arcuaia  Hall.     (Authority  of  Ells.) 

StinguinolUes  tethyB  Billinss 

Goniophora  mediocris  Billings 

MytiUiTca  canadengis  Billings  (AT.  sp.  undet.  Cayuga,  Ontario). . . 

*'       niti4ia  Billings : 

Actinopieria  texiHis  arenaria  Hall.     (Authority  of  Ells.) 

LepU>dom%t9  canadensis  Billings 

"         perdngvkAus  Billings 

**         vminensis  Billing? 

"         pembrokensis  Billings 

Anodoniapsis  ventricasa  Billings 

Cypricardima  distincta  Billings  (C  sp.  undet,  Becrafb) 

Murchisonia  hebe  BWWnftB.     14788 

D%apor€)sloma  affinis  (Billings)  (D.  vetUricosa Conrad) 

PUurotomaria  voUumna  Billings 

"  ddia  Billings 

lydia  Billings 

Bellerophan  planus  Billings 

Pro€iu$  phocion  Billings 


X 

X 


X 
X 


X 
X 
X 

X 
X 

X 
X 


XliVII-BuLi..  Obol.  Soc.  An..  Vol.  11,  1899 
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From  the  foregoing  list  it  is  seen  that  the  Oriskany  fauna  of  ''  dins- 
ion  8  '^  of  the  Gasp6  limestones  has  47  species,  of  which  27  are  not  known 
to  occur  elsewhere.  The  20  species  having  wide  distribution  are,  with 
one  exception,  brachiopods,  and  16  of  these  are  Oriskany  species,  while 
2  are  Helderbergian  and  2  are  Onondaga  forms.  It  is  the  brachiopods 
that  indicate  the  age  of  these  Gasp^  limestones.  Of  the  19  widely  dis- 
tributed forms,  12  occur  in  the  Lower  Oriskany  and  14  in  the  Upper 
Oriskany.  The  evidence,  therefore,  as  far  as  numbers  are  concerned, 
is  noncommittal  as  to  which  of  the  two  Oriskany  horizons  " division 
8  "  should  be  referred.  If  the  components  of  this  fauna  are  analyzed, 
the  evidence  is  somewhat  in  favor  of  placing  it  in  the  Upper  Oriskany. 
This  proof  lies  either  in  the  degree  of  development  or  size  of  the  species 
when  compared  with  the  same  forms  in  Upper  Oriskany  faunas.  The 
Campbell  River  locality  indicates  more  definitely  the  Upper  Oriskany 
horizon. 

The  reason  that  so  many  species  are  restricted  to  Gasp£  is  probably 
to  be  found  in  the  difference  in  the  sediments,  indicating  deeper  water. 
In  the  Appalachian  region  the  deposits  are  almost  always  sandstones — 
at  least  those  from  which  the  writer  has  seen  fossils — while  in  Gasp^ 
limestones  predominate.  Corals  and  mollusks  are  rare  in  the  Appa- 
lachian faunas,  while  in  the  Gasp^  fauna  they  give  it  a  distinct  facies. 

The  great  numbers  of  brachiopods  common  to  Gasp6  and  the  Appa- 
lachian Oriskany  show  that  the  two  areas  had  free  communication,  since 
in  their  faunal  aspect  they  are  almost  identical.  In  fact  there  is  greater 
diversity  in  the  brachiopods  of  the  Lower  Oriskany  of  Tennessee  and 
New  York,  than  in  those  of  the  Upper  Oriskany  of  Gasp^,  New  York, 
and  Ontario. 

Nova  Scotia,  Canada. — In  Nova  Scotia,  in  the  region  of  Nictau,  the 
Oriskany  is  present  and  is  described  by  Sir  William  Dawson*  as 
follows : 

"  We  reach  a  band  of  highly  fossiliferous  peroxide  of  iron,  with  dark  colored, 
coarse  slates.  .  .  .  The  fossils  of  the  ironstone  and  the  accompanying  beds, 
as  far  as  they  can  be  identified,  are  Spiri/er  arenomis,  StropheodorUa  magnificat  Airypa 
unguiformig  [^=  Hippariortyx  pTOximus]^  Strophomeiia  depressa  \^=  Leptaenarhoinhoi' 
dcdifi]^  and  species  of  Aviculaf  Bellerophmif  FavosiU8j  ZaphrentiSf  etc.  These  Pro- 
fessor Hall  compares  with  the  fauna  of  the  Oriskany  sandstone.  .  .  .  The 
most  abundant  fossil  is  Spirifer  niclauvenm  Dawson. 

"  To  the  southward  of  the  ore,  the  country  exhibits  a  succession  of  ridges  of  slate 
holding  similar  fossils,  and  probably  representing  a  thick  series  of  Devonian  beds, 
though  it  is  quite  possible  that  some  of  them  may  be  repeated  by  faults  or  folds.** 


*  Acadian  Geology,  3d  ed.,  1878,  p.  499. 
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In  the  following  year  Dawson  *  gave  a  detailed  list  of  fossils  from  the 
Nictau  ore  and  the  neighboring  beds  as  follows  : 

Zaphrenlis.  Hipparionyx  proximus  Vanuxem. 

Fawsites,  like  cervicomis  Edwards  and  Anoplolheca  flabeltUes  (Hall). 

Haime.  RmsaeUeria  oroides  (Eaton). 

Michetinia  probUmcUica  (Goldfiies).  Megambonia  lameUow  Hall  ? 

Stenopora,  Adinopteria^  like  lextilis, 

Stropheodamta  mngnifica  Hall.  TenUtculUes  eUmgatus  Hall. 

Leptsena  rhomboidalis  (Wilckens).  Plalyceras, 

Spirifer  arenosus  Hall.  Bellerophoiu 

Spiri/er  murchUoni  CJastelnau.  Orlhocera^. 
Spirifer  nictauvemis  Dawson. 

Regarding  the  age  of  these  fossils,  he  remarks :  ^^  The  above  I  h()ld  to 
be  amply  sufficient  to  prove  that  the  beds  in  which  they  occur  are  ap- 
proximately of  the  age  of  the  Oriskany  sandstone,"  a  conclusion  undoubt- 
edly correct. 

Doctor  H.  M.  Amif  has  more  recently  studied  this  Nictau  Oriskany 
fauna,  and  states  that — 

"The  paleontological  evidence  at  hand  from  the  Nictau  district  shows  the 
existence  there  of  strata  which  are  for  the  most  part  referable  to  the  Devonian 
system.  The  following  forms  are  present  in  several  of  the  collections :  Spirifera 
arenosat  S.  arreda,  Leptoccdia  ftahtUOeB^  Leptorirophia  magnifica.  These  are  of  Lower 
Devonian  age  and  are  selected  from  a  considerable  number  of  species  as  character- 
istic of  that  age.    .    .    . 

"  Nictau. — With  the  exception  of  the  New  Canaan  limestone  fossils,  the  collec- 
tions from  this  region  are  referable  to  the  Lower  or  Eo-Devonian  epoch.  The 
most  complete  collection  is  to  be  found  in  the  Peter  Red  path  Museum,  and  con- 
tains 22  species  of  fossils.  The  fauna  consists,  for  the  most  part,  of  brachiopods, 
trilobites  being  very  rarely  seen.    .    .    . 

*^  Bear  river, — A  very  interesting  collection  made  by  Doctor  Bailey  in  1892  has 
revealed  the  presence  of  some  21  distinct  species  of  fossils,  whose  facies  is  that  of 
a  transitional  series.  Brachiopoda  are  predominant,  whilst  not  a  single  trilobite 
has  been  recorded."  This  fauna  is  ''  either  at  the  summit  of  the  Silurian  or  at  the 
bajse  of  the  Devonian  epoch,  the  weight  of  evidence  being  perhaps  in  favor  of  the 
Eo-Devonian." 

Saint  Helens  Island  near  Montreal,  Canada,— In  1879,  J.  T.  Donald  J 
gave  a  list  of  fossils  derived  from  a  "  dolomitic  conglomerate  "  of  Saint 
Helens  island,  opposite  Montreal.  This  formation  is  thus  described  by 
Chapman :  § 

*CaDadian  Nat.,  vol.  ix,  1879,  pp.  6,  7. 

tG«ol.  Survey  of  Canada,  Add.  Kept.,  vol.  vi,  1895,  p.  15  Q. 

X  Canadian  Nat,  vol.  ix,  1879,  pp.  302-304. 

2  Exposition  of  tha  Minerals  and  Geology  of  Canada,  Toronto,  1864,  p.  191. 
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"At  Saint  Helens  island  and  Round  island,  opponte  Montreal,  on  ide  Bizard, 
and  one  or  two  neighboring  localities,  some  ontlying  or  small  ia&lated  patches  of 
conglomeratic  rock,  referred  to  the  Lower  Helderberg  division,  have  been  recog- 
nized of  late  years.  Their  existence  was  first  pointed  out  by  Doctor  Dawson. 
They  are  made  ap  of  fragments  of  varioos  rocks,  gneiss,  Trenton  limestone,  Utica 
shale,  syenite,  etc.,  cemented  together  by  a  paste  of  grayish  dolomite.  These 
conglomerates  are  regarded  as  patches  of  strata  once  oontinnoos  with  the  Lower 
Helderberg  series  of  New  York." 

The  Saint  Helens  Island  fauna  based  on  Donald's  list  contains.: 

FarogUes  gotiandicug,  RhynchoLrema  formomm  (Hall). 

Orthi»  (HhipidcnneUa)  duca»  (IIM).  Li9$opUurn  xquivavit  {¥M\), 

Orthis  (Rhipidomdla)  oblala  Hall.  Uiuimdu9  mutabUU  Hall. 

Orihis  ( Rhipidomella)  iubuliMriaia  Hall.  Uneinulus  nudeolatuM  HalL 

OrlhU  [RhipidameUa)  emitieru  Hall.  Camarolctchia  venlricosa  Hall. 

HipparUmyx  proximm  Vanaxem.  Atrypa  r^fioi/am Linn^.    Very  abundant. 

Ortholhetes  tJUformis  Hall  ?  Strickiandinia  gtupiensii  Billings. 

Strophonella  puncttUifera  (Conrad).  Aruulrophia  vemeuUi  (Hall). 

Straphoneila  (?)  radiaia  (Vannxem).  QypiduUa  gaimla  (Dalman). 

Stropheodonia  varitiriada  (Conrad).  Gypidula    pteudogaUaia     (Hail).     Very 

Leptxna  rhomboidalis  (Wilckens).  abandant 

Spirifer  concinnus  Hall.  Very  abundant.  Diaphorottoma  deprtna  (Hall). 

Spirifer  cyctopierm  Hall.     .  lentaculUes  hdena  Donald   (has  vertical 

Spirifer,  allied  to  &'.  arenosus  (Conrad).  strise  between  theannulations). 

This  assemblage  of  Silurian,  Helderbergian,  and  Oriskany  fossils  is 
remarkable,  and  the  present  writer  hesitated  to  accept  the  identifications 
of  Mr  Donald  without  further  proof.  He  therefore  wrote  to  Professor 
J.  F.  Whiteaves,  paleontologist  of  the  Geological  Survey  of  Canada,  who 
borrowed  the  specimens  of  Hipparionyz  praximus  and  Spirifer  allied  to 
5.  arenosus,  of  McGill  University  and  sent  them  to  the  writer.  These 
show  that  the  Saint  Helens  Island  fauna  includes  neither  Hipparionyz 
proximm  nor  '*  Spirifer  allied  to  S,  arenosus,*'*  Both  these  identifications 
relate  to  a  Spirifer  apparently  near  S.  granulosus  Conrad  of  the  Middle 
Devonian.  S,  arenosus  has  a  plicated  fold  and  sinus,  characters  not 
seen  in  Donald's  specimens.  His  Spirifer  concinnus  Hall  is  more  like 
S,  cumberlandissy  but  the  bilobed  fold  of  the  dorsal  shell  is  a  character 
which  associates  his  species  with  S,  mucronatus  Conrad,  of  the  Ham- 
ilton. 

Under  these  circumstances,  judgment  is  deferred  as  to  the  age  of  th^ 
conglomerates  on  Saint  Helens  island. 
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Questions  Involved  in  Determining  Geological  Boundary  Planes 

the  questions  defined 

In  the  deierniination  of  the  boundary  plane  for  the  rocks  of  a  geological 
province  between  two  great  systems,  such  as  the  Silurian  and  Devonian, 
there  are  two  distinct  questions  involved  : 
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1.  Conformity  to  established  usage  in  the  application  of  names  and 
definitions,  and 

2.  Determination  of  the  correlation  of  local  and  definite  faunas  of  the 
region  in  question  with  the  particular  faunas  of  the  standard  sections. 

The  discussion  of  the  first  question  must  conform  to  rules  accepted  by 
those  judging  the  questions.  The  general  principle  of  historical  priority 
of  usage  is  accepted  by  all  geologists  as  a  fundamental  principle  in  the 
application  of  names  and  their  definitions  to  faunas,  formations,  and 
classification. 

TOP  OP  THE  STANDARD   SILURIAN  SYSTEM,   THE   '' TILESTONES''  {^  DOWN  TON 

SANDSTONE)  OP  WALES 

According  to  this  general  principle,  the  standard  definition  of  the  Silu- 
rian system  is  that  applied  by  Murchison  to  the  system  so  named  by  him 
in  the  classic  monograph  called  '*  The  Silurian  System,"  published  in 
1839.  By  this  standard  the  upper  limit  of  the  Silurian  system  is  fixed 
for  all  future  workers.  This  upper  limit  was  originally  placed  at  the 
base  of  the  **  Tilestones"  (Downton  sandstone),  the  highest  Silurian  for- 
mation being  the  upper  Ludlow  rock,  near  Downton  castle.^  The  '^  Tile- 
stones,"  lying  immediately  above  it  conformably,  were  then  included  in 
the  Old  Red  sandstone.t 

In  later  elaborations  of  the  system  the  **  Tilestones  "  were  transferred 
to  the  Silurian  because  their  fossil  contents  agreed  in  the  main  with  the 
fauna  of  the  Ludlow  rock  below  ;  and  Murchison  made  the  explanation 
that  originally  it  had  been  associated  with  the  **  Old  Red  "  because  it 
was  often  of  reddish  color  and  decomposed  to  a  reddish  soil. J  To  this 
have  been  added  the  Ijedbury  shales  of  Salter,  some  300  feet  of  red, 
gray,  and  purple  shales  and  sandstones,  containing  Pterygotus  and 
Cephalaspis,§  which  by  geologists  now  are  recognized  as  included  with 
the  Ludlow  rock  in  the  upper  part  of  the  Silurian  system  of  Wales.|| 
Not  only  Merostomes  (Eurypterus  and  Pteygotus)  and  fishes  (Onchus, 
Cyathaspis,  and  Pteraspis),  but  also  laud  plants  are  reported  from  these 
upper  beds  of  the  Silurian  system.  The  marine  invertebrate  fauna^s 
cease  at  this  point  in  the  Welsh  section,  and  are  followed  by  Old  Reil 
sandstone. 

BASE  OP  THE  TYPICAL  DEVONIAN  SYSTEM  NOT  KNOWN 

The  Devonian  system  was  established  on  a  different  basis.  The  fos- 
sils collected  at  Plymouth,  Torquay,  etcetera,  in  South  Devonshire,  were 

*8ee  Silurian  System,  p.  197. 

t  Loc.  cit,  p.  181. 

t  Siliiria,  ed.  18.M,  p.  138. 

2  See  Quarterly  Journjil,  vol.  xvi,  p.  1»3;  vol.  xvii,  p.  152. 

B  Kayser  :  Text-book  of  Comparative  Geology,  trans,  by  Lake,  1893,  p.  65. 
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determined  by  William  Lonsdale  to  belong  to  a  marine  fauna  intenne- 
diate  between  those  of  the  Silurian  and  the  Carboniferous  rocks,  and 
the  rocks  containing  them  were  therefore  constituted  a  system  by  Sedg- 
wick and  Murchison  in  1838.  These  fossils  mark  the  rocks  which  were 
accepted  as  the  marine  equivalents  of  the  Old  Red  sandstone,  to  which 
was  applied  the  name  of  **  Devonian  system ;  "^  but  in  this  definition  of 
the  Devonian  system  the  lower  limit,  stratigraphically,  was  not  known 
in  Devonshire.  Further  elaboration  of  the  lower  formations  and  faunas 
of  the  Devonian  system  has  resulted  from  the  study  of  other  faunas  in 
other  regions.  In  the  Ardennes  and  Rhenish  regions  the  lowest  De- 
vonian has  been  called  Gedinnian  (Dumont,  1848),  and  in  some  places 
rests  directly  on  Cambrian  rocks.  The  Gedinnian  is  followed  above  by 
the  Coblenzian  (Dumont,  1848).  These  more  western  representatives  of 
the  European  Eodevonian  are  chiefly  shales,  sandstones,  and  grits.  On 
going  eastward  limestones  with  marine  faunas  are  met  with,  and  they 
constitute  the  Hercynian  of  the  lower  Hartz  (Kayser,  1870).  In  Bohemia 
there  is  a  series  of  limestones  and  shales,  passing  from  an  unmistakable 
Devonian  horizon  (Stages  G  H)  downward  gradually  and  conformably 
into  Silurian  beds  (6tage  E,  Barrande,  1846).  In  this  gradual  change 
in  the  petrographic  make-up  of  the  formations  on  going  eastward,  the 
question  to  be  determined  is  the  place  of  the  division  plane  between 
the  two  systems,  in  terms  of  stratigraphy  as  well  as  in  terms  of  fossil 
faunas. 

On  the  principle  of  priority,  one  fact  can  not  be  ignored.  The  paleon- 
tological  boundary  can  be  settled  only  by  first  determining  how  high  up 
in  the  strata  the  Silurian  fauna  is  present.  In  every  step  it  is  the  base 
of  the  Devonian  which  is  uncertain,  and  every  determination  of  a  base  of 
the  Devonian  is  subject  to  revision  until  it  can  be  shown  that  it  does  not 
transgress  the  upper  boundary  of  an  established  top  of  the  Silurian.  The 
Devonian  must  adjust  to  that  Silurian  limit  which  is  already  fixed. 

The  answer,  then,  to  the  first  question  is  clear : 

(a)  The  upper  limit  of  the  standard  Silurian  system  is  already  estab- 
lished by  definite  formations  and  faunas,  and  no  settlement  of  any  par- 
ticular case  can  violate  this  established  precedent.  On  the  other  hand, 
the  lower  limit  of  the  Devonian  in  Europe  is  still  under  debate,  and  if 
lower  faunas  are  discovered  which  can  be  shown  to  be  more  recent  than 
the  Neosilurian  faunas,  they  are  to  be  placed  in  the  Devonian  and  not 
added  to  the  Silurian. 

(6)  But  this  further  point  is  established — i,  6.,  in  cases  where  the  corre- 
lation with  typical  standards  is  doubtful,  reason  must  be  shown  to  prove 
that  the  fiBiuna  in  question  is  more  recent  than  standard  Siilurian  faunas 


*TraQ8.  Qeol.  8oc.  (2),  vol.  v,  724-727  ;  Quarterly  Journal,  vol.  yili,  p.  3. 
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before  it  can  be  put  into  the  Devonian  system.  ,  So  long  as  the  Konie- 
Prussian  fauna*  is  recognized  to  be  older  than  any  of  the  other  Devonian 
European  faunas  of  the  same  facies,  there  is  insufficient  reason  for  class- 
ing it  in  the  Devonian.  It  must  be  regarded  as  Silurian  or  transitional 
until  it  can  be  proven  to  be  beyond  question  younger  than  the  youngest 
of  the  known  standard  Silurian  faunas.  It  may  be  above  the  Ludlow 
and  still  represent  the  Downton  sandstone  and  Ledbury  shales,  which 
are  above  the  Upper  Ludlow  rock  of  the  typical  section,  but  are  still 
typical  Silurian  formations. 

(c)  And,  thirdly,  for  determining  the  equivalency  of  formations  or 
faunas  in  other  countries,  the  same  final  reference  to  and  comparison  with 
the  standard  Silurian  faunas  is  necessary  when  doubt  is  present  as  to 
which  side  of  the  line  the  fauna  is  to  go. 

(cO  In  the  case  of  the  American  formations  the  general  question  must 
be  determined  upon  a  comparison  of  the  faunas  of  America  with  the 
original  standards ;  of  these  the  upper  limit  of  the  Silurian  is  estab- 
lished by  typical  sections  and  faunas ;  the  lower  limit  of  the  Devonian 
seems  to  be  fairly  well  established  in  terms  of  faunas  of  the  facies  of 
sandstone  and  arenaceous  shales,  but  is  in  question  as  to  those  of  a  purely 
calcareous  facies.  Of  the  latter,  the  faunas  of  Hercyn,  Erbray,  F,  Menian, 
and  6  and  H  of  Bohemia  are  accepted  as  Devonian  by  paleontologists 
of  Europe,  but  F,  Konieprussian  can  not  be  taken  as  of  established  posi- 
tion above  the  line  so  long  as  its  affinities  are  nearly  equally  with  both 
the  lower  and  higher  faunas,  and  its  exact  relation  to  the  typical  faunas 
in  Wales  is  uncertain. 

OBISKANY  FAUNA   OF  AMERICA   EQUIVALENT   TO   LOWEST  ARENACEOUS 
DEVONIAN  FAUNA  OF  EUROPE 

Taking  up  the  second  question,  the  determination  of  equivalency, 
this  is  no  longer  a  matter  to  be  settled  by  precedent  or  priority,  but  by 
a  close  scrutiny  of  the  component  species  of  the  individual  faunas  and 
their  comparison  with  standards. 

In  a  general  way,  the  facts  for  America  are  as  follows : 
The  Oriskany  fauna  of  America  has  been  regarded  as  the  American 
equivalent  of  the  faunas  of  the  more  arenaceous  formations  at  the  base 
of  the  Devonian  system  of  Europe  by  De  Verneuil,  Sharp,  Bixby,  and 
James  Hall,  who  examined  the  fossils  when  their  original  classification 
was  prominently  before  geologists.  The  only  doubt  was  as  to  whether 
the  Oriskany  might  not  more  properly  be  classified  with  the  Lower 
Helderberg  in  the  Silurian.    Conrad  (and  Hall  at  first)  drew  the  bound- 

*The  fauna  of  the  Eonjepruser-kalk,  Fs,  Barrande,  1846. 


CORRELATIONS  337 

ary  plane  still  higher  in  the  New  York  series,  but  I  find  no  suspicion 
that  the  plane  was  put  too  high  till  the  Hercynian  question  arose. 

HERCYNIAN  FAUNAS  EODEVONIAN 

In  the  recent  studies  of  the  Hercynian  problem  it  has  been  established 
with  a  fair  degree  of  certainty  that  the  Hercyn  and  Erbray  faunas  are 
Eodevonian,  and  in  a  general  way  an  equivalency  is  established  between 
these  faunas  and  those  of  the  arenaceous  beds  of  the  Gedinnian  and 
Coblenzian,  not  to  go  into  particulars  as  to  the  precise  place  in  these 
Stages  to  which  each  belongs. 

It  is  also  fairly  well  established  that  the  Oriskany  fauna  at  least  rep- 
resents the  same  stage  of  &unal  evolution  and  the  same  general  effects 
upon  a  considerable  number  of  different  genera,  which  was  expressed 
in  Eodevonian  time  in  western  Europe. 

IS  THE  LOWER  HELDBRBBRO  EQUIVALENT  TO  THE  HERCYNIAN f 

There  is  difference  of  opinion^  however,  regarding  the  correlation  of 
the  Lower  Helderberg  fauna  with  European  faunas ;  but  there  appears 
to  be  unanimity  of  opinion  among  European  paleontologists  (Kayser, 
Freeh,  Barrois,  and  others)  that  while  the  Lower  Helderberg  fauna  shows 
affinities  with  the  Hercyn,  Erbray,  and  other  faunas  of  Europe,  it  is 
somewhat  older;  also  there  seems  to  be  general  unanimity  of  opinion 
among  those  discussing  the  question  that  the  European  fauna  coming 
most  nearly  to  equivalency  with  the  Lower  Helderberg  of  America  is  the 
F,  Konieprussian  fauna  of  Bohemia. 

The  real  Problems  in  Determining  the  Silurian-Devonian 
Boundary  for  America 

character  of  the  evidence  as  to  transition 

Accepting  these  determinations  as  satisfactorily  established,  how  do 
the  facts  affect  the  question  as  to  the  boundary  plane  between  the  Silu- 
rian and  Devonian  systems  in  North  America  ? 

It  leaves  the  burden  of  proof  with  those  who  contend  that  the  Lower 
Helderberg  is  not  in  the  Silurian  ;  for  it  is  known  to  be  below  the  base 
of  the  Oriskany,  and  always  below,  wherever  the  Oriskany  fauna  is 
known  in  America.  Although  several  species,  and  closely  allied  species, 
appear  to  associate  the  two  faunas,  the  case  is  clear  in  America  that  the 
passage  from  Lower  Helderberg  to  Oriskany  marks  a  conspicuous  evo- 
lutional stage  in  the  history  of  the  Paleozoic  faunas  of  North  America. 

Furthermore,  it  is  clear  that  this  evolutional  stage  is  clearly  marked 
in  western  Europe  by  a  similar  change  in  the  specific  characteristics  of 
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the  species  on  passing  from  the  top  of  the  Silurian  to  the  first  faunas  of 
the  Devonian  of  that  region. 

In  the  typical  Welsh  region  the  conspicuous  geological  event  marking 
the  passage  from  Silurian  to  Devonian  is  the  change  from  marine  to 
fresh-water  conditions  and  sedimentation,  the  latter  being  represented 
by  the  Old  Red  sandstone.  This  passage  was  associated  with  the  ap- 
pearance in  the  Ludlow  of  fish  and  merostomes,  and  those  who  hare 
based  their  opinions  on  the  New  York  and  interior  sections  of  American 
rocks  have  assumed  that  the  place  of  prominent  appearance  of  Euryp- 
terids  (viz,  the  Waterlime),  is  equivalent  to  the  zone  of  the  "  Tilestones*' 
of  Europe. 

An  examination  of  the  Maine,  New  Brunswick,  and  Gasp^  sections 
facing  toward  the  Atlantic,  and  much  nearer  to  Wales,  brings  out  clearly 
the  invalidity  of  this  interpretation.  In  this  eastern  region  of  America 
the  gradual  emergence  of  land,  affecting  the  marine  faunas  and  finally 
terminating  the  marine  faunas  for  Paleozoic  time,  was  of  a  similar  nature 
to  that  on  the  opposite  shore  of  the  north  Atlantic.  Furthermore,  the 
exact  stage  of  the  physical  transition  is  at  a  similar  point  in  the  evolu- 
tion of  its  marine  organisms. 

MEROSTOMES  AND  FISHES 

The  Merostomes,  as  Walcott  has  shown,  were  represented  in  the  Utica 

(Echinognathus)  and  possibly  in  still  more  ancient  pre-Cambrian  time. 

So,  too,  the  fishes  are  not  appearing  for  the  first  time  in  the  Ludlow ; 

,  but,  as  again  Walcott  has  shown,  they  were  well  developed  in  Trenton 

time  (Astraspis,  Eriptychius,  etcetera,  from  Canyon  City,  Colorado). 

Hence  the  argument  based  on  supposed  identity  of  the  Waterlime 
with  the  top  of  the  Ludlow  because  of  the  appearance  in  both  of  mero- 
stomes and  fishes  loses  its  force.  We  are  obliged  from  the  evidence  to 
believe  that  throughout  Silurian  time  both  fishes  and  merostomes  were 
in  existence.  They  are  liable  to  occur  at  any  place  in  the  system  where 
the  conditions  of  their  living  were  represented  by  the  fonnation  of  strata 
in  which  the  faunas  could  be  preserved. 

SALT  BASINS  OF  WATERLIME  AND  ONONDAGA    OF   THE  INTERIOR  AND  THEIR 
ABSENCE  IN  MAINE  AND  NEW  BRUNSWICK  SECTIONS 

In  the  New  York  and  interior  regions  tliere  were  conditions  which  shut 
out,  locally,  the  sea,  and  in  these  brackish  water  pools  fish  and  mero- 
stomes appeared ;  but  a  comparison  of  the  marine  faunas  of  these  re- 
gions, below  and  above  the  Waterlime,  proves  that  the  local  elevation, 
which  is  expressed  in  the  Onondaga  and  Waterlime,  as  well  as  in  the 
Guetph  and  Gait,  was  quite  distinct  from  and  at  a  much  earlier  geo- 


SALT  BASINS  OF  WATERLIME   AND  ONONDAGA  339 

logical  period  than  those  elevations  of  far  wider  extent  which  introduced 
the  Oriskany  faunas.  These  latter  elevations  brought  about  conditions 
in  the  extreme  east  of  America  quite  similar  to  those  of  the  Old  Red 
sandstone  of  the  opposite  side  of  the  Atlantic.  The  rarity  of  merostomes 
and  fishes  in  the  Crasp6  sandstone  does  not  disprove  its  general  equiva- 
lency in  time  with  the  Old  Red  Sandstone  period  of  Wales  and  Scotland. 

If  we  approach  the  subject  from  this  wider  point  of  view  and  follow 
it  down  into  the  particulars  of  equivalency,  the  details  confirm  the 
grander  facts.  In  the  Maine  and  New  Brunswick  region,  though  there 
is  evidence  of  continuous  sedimentation  from  the  base  of  the  Silurian 
(Anticosti  series)  through  to  the  Carboniferous,  there  is  no  evidence  of 
the  local  shutting  out  of  the  sea,  represented  by  the  Guelph,  Onondaga, 
'  and  Waterlime  of  the  interior  continental  region  farther  inland. 

Nevertheless,  the  Silurian  faunas  of  these  eastern  provinces  pass 
through  the  same  faunal  evolution  observed  in  the  Niagara,  Lower  Hel- 
derberg,  and  Oriskany  stages  of  the  interior,  but  the  separation  of  the 
faunas  is  less  marked.  In  the  Anticosti  and  Gaspe  limestone  faunas  the 
passage  from  Niagara  to  I^ower  Helderberg  is  gradual.  In  several  re- 
ported cases  in  this  eastern  province,  species  (such  as  Halymies  catenularia) 
which  in  the  interior  are  characteristic  of  Niagara  and  lower  range  up 
into  association  with  a  fauna  which  in  its  general  facies  is  equivalent  to 
the  Lower  Helderberg,  and  in  the  Gasp6  limestones  the  passage  upward 
is  still  gradual  until  traces  of  the  Oriskany  appear,  thus  indicating  a 
continuation  of  similar  environmental  conditions  throughout  the  whole 
of  Silurian  time  without  the  marked  change  of  conditions  represented 
by  the  Onondaga  formation  of  the  interior. 

On  the  other  hand,  there  was  a  marked  change  of  conditions  for  the 
whole  eastern  province  at  about  the  time  of  the  Oriskany  fauna.  In 
the  6asp6  peninsula  this  is  represented  by  the  change  from  limestone  to 
sandstone,  and  an  almost  total  disappearance  of  marine  species,  and  the 
frequent  presence  of  land  plants. 

In  eastern  Nova  Scotia,  at  Arisaig,  the  same  transition  is  seen,  while 
in  western  Maine  the  marine  fauna  does  notecase  till  after  the  Oriskany 
fauna  has  appeared.  This  great  change  in  conditions,  contemporaneous 
with  the  appearance  of  the  Oriskany,  is  evident  in  New  York  and  down 
the  Appalachians  as  far  as  Virginia,  Tennessee,  and  even  on  to  Georgia 
and  Alabama. 

lyTBODUCTION   OF  ORISKANY  FAUNA    COINCIDENT    WITH  ELEVATION  OF 
PRESENT  ATLANTIC  BORDER  OF  CONTINENT 

Thus  the  evidence  is  quite  clear  to  one  studying  the  minute  details 
of  the  case  that  it  was  the  introduction  of  the  Oriskany  fauna  which 
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was  biologically  coincident  with  the  physical  raising  of  the  eastern 
border  of  the  continent,  an  elevation  which  for  the  Acadian  provinces 
shut  out  marine  conditions  permanently,  and  made  dry  land  after  the 
Coal  Measures  had  been  accumulated. 

This  series  of  geological  events  corresponds  closely  with  the  events 
recorded  on  the  British  isles,  expressed  by  the  estuary  conditions  of  the 
Old  Red,  terminating  in  the  Coal  Measures,  and  the  final  protrusion  of 
land  permanently  above  marine  surface.  The  evolutional  changes  in 
the  invertebrate  organisms,  on  passing  from  the  Ludlow  into  theGedin- 
nian  and  Coblenzian  faunas  of  western  Europe,  are  also  closely  paral- 
leled by  the  evolution  taking  place  in  America  at  this  same  stage  of 
events  on  passing  from  Lower  Helderberg  to  Oriskany. 

In  America  the  evidence  is  clear  that  the  Oriskany  fauna  was  not* 
evolved  immediately  subsequent  to  the  Waterlime  stage,  although  the 
Oriskany  sandstone  immediately  follows  the  Waterlime  fauna  at  Spring- 
port,  New  York.  We  know  that  here  the  Lower  and  Upper  Pentamerus 
and  Delthyris  shaly  faunas  are  older  than  the  Oriskany,  and  also  that 
they  are  older  than  the  beginning  of  those  physical  conditions  which 
mark  the  great  mass  of  sediments  of  the  Gasp6  sandstone. 

In  Europe  it  is  believed  that  the  Hercyn  and  Erbray  limestones  are 
equivalent  to  the  arenaceous  Coblenzian  and  Gedinnian  of  wesstern 
P]urope,  but  it  is  not  perfectly  clear  what  stratigraphical  relation  exists 
between  the  Konieprussian  and  the  arenaceous  faunas  further  vfest 
The  doubtful  interptetation  of  the  European  equivalency  should  not  be 
allowed  to  controvert  the  positive  evidence  we  possess  in  America  as  to 
the  place  in  the  time  scale  at  which  the  transition  took  place  there. 

TRANSITION  FROM  MARINE  SILURIAN  TO  OLD  RED  SANDSTONE  IN  WALES  SYN- 
CH ROyO  US  WITH  APPEARANCE  OF  ORISKANY  FA  UNA  IN  EASTERN  AMERICA 

The  above  evidence  points  to  the  conclusion  that  the  appearance  of 
the  marine  Oriskany  fauna  among  the  formations  in  eastern  America 
marks  the  exact  stage  in  the  geological  history  which  across  the  Atlan- 
tic, in  western  Europe,  is  represented  by  the  transition  from  Silurian  to 
Old  Red  in  Wales,  and  farther  south  by  the  modification  of  marine 
faunas  from  those  of  the  Ludlow  into  the  first  arenaceous  faunas  of  the 
Gedinnian  and  Coblenzian  of  western  Europe.  In  regions  where  these 
physical  conditions  did  not  prevail,  a  marine  fauna  of  the  lower  type 
undoubtedly  continued  on  with  less  modification,  and  it  is  not  the 
continuing  of  species  characteristic  of  the  Silurian  into  the  Devonian 
which  can  gainsay  the  correlation  based  on  positive  evolution  of  new 
faunas.  Where  the  limestone  sedimentation  continued  unbroken,  as  in 
Bohemia,  it  may  be  difficult  to  determine  the  exact  place  in  the  series; 
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which  represents  the  transition  from  the  Ludlow  to  Devonian  of  the 
western  seetions,  but  in  America  we  are  not  left  in  doubt  on  this  point. 
The  Oriskany  has  a  definite  and  exact  place  in  the  historical  succession, 
and  it  was  during  the  living  of  the  fauna  of  the  Lower  Helderberg  stage 
that  the  events  happened  which  rapidly  modified  some  and  destroyed 
other  species  and  left  a  clearly  new  fauna,  first  seen  in  the  Oriskany,  to 
dominate  the  whole  eastern  border  oceans  of  the  American  continent. 

Summary  of  Geological  and  Stratiqraphical  Argument 

The  geological  and  stratigraphical  argument  may  be  summed  up  in 
the  following  words :  A  comparison  of  the  geological  history  of  the  two 
continents  facing  each  other,  at  the  point  where  they  most  nearly  ap- 
proach each  other,  shows  a  general  uniformity  in  the  order  and  sequence 
of  sediments  throughout  the  Silurian.  This  fact  is  particularly  marked 
in  those  points  by  which  the  eastern  sections  difier  from  those  of  the  in- 
terior of  North  America  (that  is,  absence  of  either  an  Onondaga  basin 
or  a  sharp  separation  of  the  Niagara  and  Lower  Helderberg  faunas). 

This  comparison  also  shows  that  the  geological  changes  which  are 
expressed  in  a  sharp  transition  from  marine  to  brackish  water  deposits 
terminate  the  Silurian  sections  for  both  continents,  and  that  the  place 
of  this  transition  is  definitely  located  in  America  where  the  Oriskany 
fauna  follows  that  of  the  Lower  Helderberg.  The  inference  is  that  the 
place  of  this  transition  in  America  represents,  in  time,  the  correspond- 
ing place  of  transition  in  the  standard  sections  in  Wales.  In  Wales  this 
is  the  boundary  plane  between  the  Silurian  and  the  Old  Red  Sandstone 
phase  of  the  Devonian  system. 

The  Paleontological  Argument 
nature  of  tbe  evidence 

It  remains  to  show  that  paleontological  evidence  confirms  this  con- 
clusion. Two  cases  are  in  evidence,  namely,  the  recognition  of  the  Tile- 
stone  fauna  at  the  top  of  the  Silurian  section  at  Arisaig,  Nova  Scotia, 
and  the  recent  discovery  of  the  same  fauna  in  the  Chapman  sandstone 
of  northern  Maine. 

In  both  cases  the  faunas  are  the  most  recent  Paleozoic  marine  faunas 
of  their  respective  sections,  and  they  appear  at  the  point  of  transition 
from  the  typical  Silurian  into  the  Old  Red  Sandstone  phase  of  the 
Devonian. 

The  **  Tilestones  "  have  already  been  referred  to  as  constituting  the 
topmost  formations  of  the  typical  Silurian  system.    Their  fauna  is 

XLIX— Bull.  Gkol.  Soc.  Am.,  Vol.  11,  1899 
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quite  distinct,  in  the  majority  of  its  species,  from  the  Ludlow  fauna  of 
the  underlying  calcareous  shales  and  limestones,  but  it  is  made  up 
chiefly  of  marine  species,  with  some  traces  of  land  plants  and  of  mero- 
stomes  and  fishes,  of  types  similar  to  those  which  follow.  Neverthe- 
less, a  few  characteristic  Ludlow  species  tie  the  Tilestone  fauna  with  the 
typical  marine  Silurian.  The  formation  was  more  definitely  described 
by  geologists  following  Murchison,  and  now  goes  under  the  names  Down- 
tonian,  Downton  sandstone,  and  Ledbury  shales.  The  fauna  is  evi- 
dently a  transition  fauna,  and,  as  far  as  reported,  appears  only  in  sec- 
tions in  which  the  following  formations  lack  purely  marine  fossils. 

THB  TILBSTONS  FAUNA  RECOGNIZED  IN  THE  UPPER  ARISAIO  BY  J.  W.  SALTER 

This  Tilestone  fauna  was  first  discovered  on  the  American  continent 
by  Doctor  D.  Honeyman,  in  the  Upper  Arisaig  rocks  of  northern  Nova 
Scotia.  The  identification  of  the  fauna  with  the  Tilestone  fauna  of 
Wales  was  made  by  J.  \V.  Salter,  then  paleontologist  of  the  Geological 
Survey  of  Great  Britain ;  an  account  of  it  was  first  published  in  1864. 

"The  Arisaig  rocks  were  brought  to  notice  by  Doctor  J.  W.  Dawson  * 
(the  late  Sir  William  Dawson)  in  1849,  who  then  interpreted  them  to 
be  of-  Silurian  age.  In  ^'Acadian  Geology  "  they  were  referred  to  the 
Devonian.!  Honeyman,;]:  having  studied  the  fossils  and  compared 
them  with  Murchison  s  Siluria,  considered  them  mostly  equivalent  to 
the  Upper  Ludlow  in  1859.  In  the  following  year  Dawson,§  after  more 
careful  study  and  the  identification  of  fossils  by  James  Hall,  published 
a  further  description  of  the  rocks,  in  which  he  referred  the  series  to  the 
'*  upper  part  of  the  Middle  Silurian,  probably  with  a  part  of  the  Upper 
Silurian."  In  the  same  volume  the  species  of  the  fauna  are  described 
by  James  Hall.|| 

In  his  descriptions  of  the  species  of  this  fauna  James  Hall  considered 
most  of  them  new,  and  because  of  resemblance  in  a  few  cases  to  Clinton 
species,  they  were  supposed  by  him  to  represent  a  Clinton  horizon,  and 
I  observe  that  the  species  are  now  commonly  listed  as  Clinton  species. 
It  appears  to  be  this  interpretation  to  which  Salter  refers  in  the  passage 
quoted  below.  It  appears  further,  from  notes  published  later  by  Hone}'- 
man,  that  this  peculiar  fauna  occurred  in  the  uppennost  part  of  the 
zone  D  of  his  1864  paper,  which  was  called  E  in  that  article.^  This 
shows  that  the  fauna  follows,  in  the  Arisaig  section,  the  representative 

•QoATieriy  Journal  Geol.  Soc.,  vol.  ▼!,  p.  347. 
fSee  Acadian  Geology,  1865  edition. 

X  On  the  fossil iferous  rook^  of  AriHaiK.    Trans.  Lit.  and  Sol.  Soc.  Nova  Scotia,  18^9. 
\  On  the  Silurian  and  Devonian  Rocks  of  Nova  Scotia.    Can.  Nat.  and  Geol.,  vol.  v,  iseo,  p.  132. 
I  James  Hall :  Df^scription  of  new  spectes  of  fof<Hil9  from  the  Silurian  rocks  of  Nova  Scotia.    Can. 
Nat.  and  (ieol.,  vol.  v,  i860,  p.  144. 
\  Trans.  Nova  Scotia  Inst.,  vol.  iv,  p.  6o. 
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of  the  Lower  Helderberg.  Preparatory  to  the  international  exhibition  of 
1862,  Doctor  Honeyman*  made  a  collection  of  the  Arisaig  fossils  for  Sir 
R.  Murchison, which  were  submitted  to  J.  W.  Salter  for  identification.  By 
this  means  the  equivalency  of  the  Upper  Arisaig  fauna  was  established. 

Hoarding  this  identification  Honeyman  writes  in  the  paper  above 
cited  : 

"  SSir  Roderick  Murchison,  at  my  request,  very  kindly  asked  Mr  Salter  to  exam- 
ine it  [collection  of  Arisaig  fonils  and  rocks],  who  accordingly  inspected  my 
divisions  of  fossils,  and,  studiously  avoiding  all  inquiry  into  the  opinions  already 
entertained,  he  unhesitatingly  referred  my  Upper  Ludlow  to  the  Ludlow  Tilestone 
my  Wenlock  (?)  to  the  Aymestry  limestone,  and  Hall  &  Dawson's  Clinton  to  a  repe* 
tition  of  the  Ludlow  Tilestone.''  t 

In  this  paper  Honeyman  published  a  list  of  the  species  of  the  Upper 
Arisaig  from  the  rocks  west  of  Arisaig  pier,  near  McAra's  brook,  con- 
taining fifty-eight  entries.  In  this  list  are  found  four  species  identical 
with  the  Tilestone  fauna  of  Murchison *s  Silurian  system ;  two  others  are 
apparently  identical,  but  difierently  named,  and  most  of  the  species  of 
the  two  faunas  are  very  closely  related  representative  species. 

In  1887  a  report  on  Nova  Scotian  geology  was  published  in  the  Annual 
Report  of  the  Canadian  Geological  Survey  by  Fletcher  and  Faribault.  { 

The  section  of  the  upper  1,038  feet  of  the  Arisaig  rocks  is  given  in 
this  report  of  1887  as  follows.  It  is  compiled  from  the  exposures  along 
the  gulf  shore  between  McAra's  brook  and  Arisaig  pier.  It  is  E  6  of 
their  classification,  and  is  called  Lower  Helderberg.  It  rests  on  E  5, 
the  Niagara.  The  junction  of  the  two  at  Joseph  McDonald's  cove  is 
shown  by  a  photograph  taken  by  T.  C.  Weston  (number  6,  opposite 
page  40P) : 

SecHon  of  Silurian  Rocks  at  Arisaig  in  descending  Order 

£  6.  LowKB  Heldbrberg  : 

Fe6t 

1.  Reddish  and  purplish  altered  fli^  with  bright  emerald  green  blotches 

and  layers ;  more  or  less  argillaceous,  flinty,  and  splintery,  containing 
thin  calcareous  layers  full  of  blackened  shells.  The  red  and  purple 
beds  greatly  predominate.  They  end  about  15  yards  northeast  of 
McPhersons  brook.    Dip,  166°<46*» 100 

2.  Dirty  green,  greenish,  and  gray  quartz-veined  flags  and  shales,  holding 

encrinities  and  shells  in  abundance;  seen  in  Stonehouse  brook  as 
well  as  on  the  shore.  Veins  cut  across  the  bedding  and  are  some- 
times three  inches  thick ;  perhaps  unconformable  to  1.  Dip,  207^< 
41^ ;  end  at  the  mouth  of  Joseph  McDonalds  brook 310 

*  On  the  0«ology  of  Arisaig,  Nora  Scotia,  by  D.  Honeyman,  Quarterly  Joarnal  Geol.  Boo.,  vol. 
xz,  1864,  p.  333,  etc. 

t  Quarterly  Journal  Geol.  Soc.,  vol.  xx,  p.  334. 

X  Rept.  Geol.  Survey  and  Expl.  in  counties  of  GuyHborough,  Antigonlsh,  Picton,  Coloheater,  and 
Halifax,  Nova  Scotia,  from  1«82  to  1886,  by  Hugh  Fletcher  and  E.  R.  Faribault,  pp.  IP  to  163P. 
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Feet 

3.  Dirty  greenish  rocks,  finely  ripple-marked,  full  of  fossils.    Dip,  203^< 

32*» 205 

4.  Dirty  green  and  gray,  rubbly  or  prismatic,  rusty  weathering  argillo- 

arenaceous  flags ;  the  bottom  of  Doctor  Honeyman's  group  D — I^ower 
Helderberg  or  Ludlow  Tilestone  (Quarterly  Journal  of  the  Geological 
Society  of  London,  1864).    Dip,  194*><38° 393 

5.  Indian  red  crumbly  prismatic  marl,  with  a  thin  band  of  gray  limestone 

ftill  of  fossils ;  in  the  upper  part  mixed  with  bright  green  patches  and 
full  of  calcareous  nodules,  like  the  rock  of  Indian  brook,  cape  George. 
The  green  of  the  beds  immediately  overlying  is  brighter  than  usual, 
and  the  whole  mass  is  more  or  less  concretionary  and  nodular.  This 
is  Doctor  Honeyman's  ''red  stratum"  (op.  cit,  p.  336),  and  is  also 
described  in  Mr  Weston's  section  and  shown  in  view  number  6.  Dip, 
I69''<34''.  It  has  been  traced  more  than  half  a  mile  eastward  of  the 
Trunk  road 30 

The  classification  of  the  rocks  of  the  whole  Arisaig  section  is  as  follows : 

E*    Lower  Helderberg  =  division  D  of  Doctor  Honey  man  =  Upper  Ludlow  Tile- 
stone. 

E?    Niagara  =  0  **  =  Ay mestry  limestone. 

ga  I  Upper  Clinton       =  B^  •'  }  =  Lower  Ludlow. 

I  Lower  Clinton        =  B  ♦*  / 

E^    Medina  =  A  "  =  May  hill  sandstone. 

(p.  37P). 

The  part  of  the  section  given  above  constitutes  division  £}*,  Lower 
Helderberg,  of  this  classification. 

FJFTEBU  LOWER  HELDERBERG  SPECIES  RECOGNIZED  IN  ARISAIG  SECTION  BY 

DOCTOR  AMI 

The  species  collected  by  Mr  Weston  from  this  Arisaig  section  in  1886 
were  identified  by  Doctor  H.  M.  Ami,  and  a  report  of  them  is  publisheil 
in  the  Proceedings  of  the  Nova  Scotian  Institute  in  1892.*  In  this  list 
15  species  are  Lower  Helderberg  species.  The  species  of  the  western 
collection  described  by  Billings  t  were  all  collected,  according  to  the 
Fletcher  and  Faribault  report  (p.  48P),  by  Mr  Weston  from  the  upper 
part  of  this  formation  [E*  ,Lower  Helderberg],  west  of  Stonehouse  brook, 
where  fish  remains  were  also  obtained  by  him.  They  are  identified  as 
of  Upper  Silurian  age  by  Billings,  and  all  the  species  are  described  as 
new  except  one — Sanguinolites  anguilijerua  t  McCoy. 

The  rocks  for  this  portion  of  Nova  Scotia  succeeding  the  Silurian  of 
the  Arisaig  section  were  classified  by  Fletcher  and  Faribault  as  Devo- 

•  Sllarian  fossils  from  Arisaig,  Nova  Scotia,  by  H.  M.  Ami  (read  April  II,  1892),  Proo.  and  Tran^. 
NovaScotiaa  Inst,  of  Sci.,  Halifax,  2d  ser.,  vol.  i,  pt.  i,  pp.  185-192. 

t  Paleozoic  Fossils,  vol.  ii,  part  i.  5.  On  some  of  the  fossils  of  the  Arisaig  sertoa  of  rocks.  Upper 
Silarian,  Nova  Scotia,  pp.  129,  etc. 
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nian  *    Their  identification  with  previously  described  formations  of  the 
eastern  provinces  is  as  follows : 

P,  Upper  Red  slate  and  sandstone  =  Mispec  group. 

P,  Middle  gray  sandetone  and  slate  group  =  Dadozylon  sandstone   and   cordaite 

shale. 
F',  Lower  conglomerate  group  =  Bloomsbury  conglomerate. 

&f  Lower  Helderberg 

PLACE  OF  TILESTONB  FAUNA  IN  ARISAIQ  SECTION  EQUIVALENT  TO  TRAN- 
SITION FROM  MARINE  TO  ESTUARY  CONDITIONS  IN  QASPE  SECTION,  AND 
TO  FIRST  APPEARANCE  OF  ORISKANY  IN  MAINE  AND  NEW  BRUNSWICK 

The  paleontological  evidence  of  this  Arisaig  section  appears  therefore 
to  be  as  clear  as  the  general  geological  evidence  in  fixing  the  place  of 
the  Silurian-Devonian  boundary  for  the  American  continent.  This  evi- 
dence may  be  summed  up  as  follows : 

In  the  Arisaig  section,  at  the  point  where  the  marine  conditions  pass 
up  into  non-marine,  a  transition  fauna  appeared  (D  of  Honeyman's 
paper),  which  was  unhesitatingly  identified  as  the  equivalent  of  the  top- 
most fauna  of  the  typical  Silurian  system  of  Great  Britain  by  the  ofiicial 
paleontologist  of  that  survey,  during  the  lifetime  of  Murchison,  the 
founder  of  the  Silurian  system. 

This  fauna  appeared  after  the  Lower  Helderberg  fauna  was  in  the 
region,  as  shown  by  the  recognition  of  at  least  fifteen  Lower  Helderberg 
species  in  the  Upper  Arisaig  formation  by  Doctor  Ami. 

No  marine  paleozoic  fauna  later  than  the  Nictaux,  containing  some 
Oriskany  species,  is  recorded  for  this  Nova  Scotia  region. 

In  New  Brunswick,  in  the  Gasp6  peninsula,  the  same  general  sequence 
is  repeated.  The  Gasp6  limestone  carries  a  fauna  which  has  been  de- 
fined as  equivalent  to  the  Niagara  and  (its  upper  part)  Lower  Helder- 
berg. No  Tilestone  fauna  has  been  identified  in  these  rocks,  but  the 
])lace  of  transition  from  the  limestones  into  the  following  Gasp6  sand- 
stones was  recognized  long  ago  by  Logan  as  nearly  equivalent  to  the 
Oriskany  of  the  New  York  section.  The  following  sandstones  contain 
almost  no  marine  fossils,  but  hold  plants  (Psilophyton,  etcetera)  of  Devo- 
nian age.  The  place  of  termination  of  the  marine  faunas  is  equivalent 
to  the  place  of  the  transition  in  the  Arisaig  section  from  upper  Arisaig 
to  Devonian ;  and  both  correspond  as  closely  as  could  be  wished  with 
the  transition  from  Silurian  into  Old  Red  sandstone  in  southern  Wales. 

In  Maine  I  have  recently  recognized  another  representative  of  the 
Tilestone  fauna,  in  a  formation  to  which  I  gave  f  the  name  of  Chapman 

•  Loc.  cit.,  p.  49P. 

t  Balletin  No.  166,  U.  S.  Geol.  Survey. 
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sandstone,  in  the  report  on  the  geology  of  Maine  above  referred  to.  The 
identification  of  this  fauna  with  the  Tileslone  fauna  of  Murchison  was 
made  before  I  observed  the  fact  that  Salter  had  positively  identified 
Honeyman's  Arisaig  fauna  D  as  equivalent  to  the  Tilestone.  In  pre- 
senting the  facts  before  the  Society,  I  have  therefore  given  precedence 
to  the  Arisaig  facts,  and  I  omit  the  paleontological  argument  by  which 
the  correlation  of  the  Chapman  and  Tilestone  fauna  is  established,  which 
will  be  published  hereafter.*  The  species  of  the  Chapman  sandgtone 
and  the  upper  Arisaig  are,  in  several  cases,  identical,  so  far  as  I  can  judge 
from  reading  the  descriptions,  and  the  whole  contents  of  the  two  faunas 
are  very  much  alike.  The  Chapman  sandstone  fauna  is  the  latest  of 
the  marine  Paleozoic  faunas  of  Maine,  and,  what  is  still  more  significant, 
a  Psiloplyton  stem  is  found  associated  with  the  marine  fossils  in  the 
Chapman  sandstone.  In  the  Chapman  sandstone  there  are  a  few  species 
with  which  to  correlate  the  fauna  with  another,  found  in  western  Maine, 
about  Moose  river,  in  which  a  distinctly  Oriskany  fauna  is  reoognixed. 
This  shows  that  the  Chapman  fauna  is  closely  related  to  the  Jjower 
Oriskany  of  New  York.  In  Maine  (Aroostook  county),  the  Square  Lake 
limestone,  which  is  correlated  with  the  upper  part  of  the  Gasp6  lime- 
stone, contains  a  distinctly  Lower  Helderbei^  fauna,  thus  eBtablishing 
for  the  Lower  Helderberg  a  place  in  the  scale  earlier  than  the  represent- 
ative of  the  Welsh  Tilestone  (my  Chapman  sandstone),  and  hence  un- 
questionably in  the  typical  Silurian  system. 

Summary  and  Conclusions 

Thus,  the  Arisaig,  the  Gasp6,  and  the  Maine  sections  are  in  harmony 
in  fixing  the  exact  boundary  between  the  Silurian  and  Old  Red  sand- 
stone (  Devonian)  on  the  American  continent.  As  near  as  I  am  at  present 
able  to  identify  this  boundary  in  the  New  York  sections,  it  oomes  very 
close  to  the  transition  from  the  Lower  Oriskany  of  Becrafb  mountain  into 
the  Upper,  or  pure  Oriskany  of  Oriskany  falls.  This  point  will  be  de- 
veloped as  the  faunas  are  more  fully  studied.  The  facts  already  noted, 
however,  are  clear  in  establishing  the  fact  that  the  Lower  Helderberg 
fauna  lies  below  the  Chapman  sandstone,  and  the  equivalent  upper 
Arisaig,  faunas,  both  of  which  are  the  paleontological  representatives  on 
this  continent  of  Murchison's  Tilestone  fauna  (Downton  sandstone  and 
Ledbury  shales),  the  highest  known  fauna  of  the  typical  Silurian  system. 

*See  Am.  Jour.  Bci.,  vol.  ix,  p.  203. 
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lNTRODU(rriON 


Tliroughout  tlie  greater  part  of  western  New  York  the  contact  of 
Siluric  with  Devonic  strata  is  traceable  in  the  northward  facing  escarp- 
ment of  the  Onondaga  limestone  terrace.  This  terrace  is  a  good  ex- 
ample of  a  cuesta  developed  on  an  ancient  coastal  plain,  the  drainage 
adjustment  of  which  has  been  greatly  modified  by  glacial  deposits.  The 
northward  facing  scarp  or  "  inface  "  of  this  cuesta  is  a  prominent  topo- 
graphical feature  of  western  New  York,  paralleling  that  of  the  Niagara 
cuesta  which  lies  from  15  to  20  miles  farther  to  the  north. 

The  inface  of  the  Onondaga  cuesta  first  appears  in  Erie  county,  in  the 
northern  part  of  the  city  of  Buffalo  and  a  mile  or  two  east  of  the  Niagara 
river.  Between  this  point  and  the  river,  extensive  drift  deposits  have  ob- 
scured the  cliff, which,  however,  has  been  definitely  located  by  excavations 
and  borings.*  From  the  point  of  its  first  appearance  on  Scajaquada  creek 
eastward,  it  increases  in  j)rominence  and  elevation,  until  at  the  county 
line  it  is  about  80  feet  in  height,  increasing  to  about  a  hundred  feet  in 
Genesee  county.  Between  Buffalo  and  Williamsville  the  cliff  is  divided 
into  two  parts,  with  a  flat  terrace  of  varying  width  up  to  200  yards  sep- 
arating them.  This  division  is  along  the  line  of  contact  between  the 
Siluric  and  the  Devonic.  At  Williamsville,  Ellicott  creek  descends  in 
a  series  of  falls  over  the  cliff,  producing  very  good  natural  exposures  of 
the  strata.  At  Harris  hill  and  Clarence  hollow  other  small  streams 
descend  northward  over  the  cliff.  At  Falkirk,  Murder  creek  has  cut  a 
gorge  of  some  magnitude  into  the  northern  face  of  the  cuesta,  over  which 
it  descends,  likewise  in  a  series  of  small  falls  and  rapids.  All  these 
streams  are  tributary  to  the  Tonawanda,  which  has  another  branch, 
bearing  its  own  name,  descending  over  the  cliff  at  Indian  falls,  several 
miles  east  of  the  county  line. 

The  summit  of  the  cuesta  is  formed  by  the  resistant  Corniferous  beds 
of  the  Onondaga  limestone  series,  while  the  more  fossiliferous,  chert-free 
lower  beds  of  this  series  and  the  Manlius  limestone  and  the  Waterlime 
lie  at  the  base.  The  latter  rock  is  rarely  exposed  in  its  totality  in  Erie 
county. 

*  Kisliop,  1«!»;>,  p.  Ml. 
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The  only  good  natural  exposures  of  ^ the  beds  comprised  within  the 
cuesta  are  in  Skajaquada,  EUicott,  and  Murder  creeks,  in  Erie  county, 
and  at  the  falls  of  the  Tonawanda  or  Indian  falls,  in  Genesee  county. 
The  contact  between  the  Siluric  and  Devonic  beds  is  shown  in  all  these 
exposures.  The  numerous  quarries  which  are  opened  in  the  northern 
face  of  the  cuesta  furnish,  however,  the  best  means  for  the  study  of  the 
contact  and  the  beds  adjoining  it.  Where  the  quarries  are  opened  for 
lime  only  they  seldom  penetrate  below  the  Onondaga  limestone,  but 
where  building  stone  is  quarried  or  where  the  Waterlime  is  the  object  of 
search,  good  sections  are  usually  produced.  By  far  the  best  of  these 
are  in  the  quarries  of  the  Buffalo  Cement  Company,  in  North  Buffalo. 
The  old  park  quarry,  the  abandoned  cement  tunnels  at  Williamsville, 
and  the  cement  mines  at  Falkirk  and  Akron  furnish  other  satisfactory 
exposures. 

Upper  Silurian  Rocks  of  Erie  County 

sauna  beds 

The  Upper  Silurian  rocks  of  New  York  have  been  divided  by  Clarke 
and  Schuchert  (1899)  into  the  Salina  beds,  at  the  base,  the  Rondout 
Waterlime,  in  the  middle,  and  the  Manlius  limestone,  on  top.  The  Sa- 
lina beds  are  scarcely  exposed  in  Erie  county,  the  only  localities  men- 
tioned by  Bishop  (1895)  being  on  Grand  island  and  in  the  bed  of  Murder 
creek  below  the  falls  at  Falkirk. 

RONDOUT  WATERLIME 

This  name  has  been  resuscitated  by  Clarke  and  Schuchert  for  the 
hydraulic  limestone  or  Waterlime  of  New  York — that  is,  the  formation 
characterized  by  the  Eurypterus  fauna.  This  is  a  very  important  for- 
mation in  Erie  county,  being  extensively  quarried  for  hydraulic  cement. 
The  most  satisfactory  exposures  for  purposes  of  study  are  in  the  cement 
quarries  in  North  Buffalo.  Here  the  stratum  quarried  for  burning  is 
5  feet  8  inches  thick  (Bishop),  and  is  exposed  by  the  stripping  off  of  the 
overlying  strata.  The  rock  is  compact,  very  fine  and  evenly  grained, 
and  breaks  with  a  conchoidal  fracture.  The  fauna  obtained  from  this 
stratum  comprises,  according  to  Mixer,*  9  species  of  Eury})terus,  7  of 
Pterygotus,  2  of  Ceratiocaris,  a  Leperditia,  5  species  of  Discina  (Orbicu- 
loidea  ?),  a  Lingula,  and  2  (?)  seaweeds. 

At  Akron  the  cement  stratum  is  7  feet  thick,  and  at  Falkirk,  tiear  by, 
it  ranges  from  7  J  to  8  feet.     The  total  thickness  of  the  Rondout  Water- 

*  Bishop,  1895,  p.  :M0. 
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lime  in  Erie  county  is,  according  to  the  measurements  given  by  Bishop, 
something  over  50  feet,  including  the  cement  stratum. 

MAN  hi  us  LIMESTOyE 

Ocatrrence  and  general  character. — This  rock,  the  Tentaculite  limestone 
of  most  authors,  is  represented  in  Erie  county  by  a  stratum  of  limestone 
locally  known  as  the  "  Bull  Head  "  rock.  This  stratum  has  a  thickness 
of  7  feet  in  North  Buffalo  and  8  feet  at  Williamsville  and  Akron.  It 
rests  immediately  on  the  Rondout  Waterlime,  the  passage  from  the  one 
to  the  other  being  a  gradual  one.  The  rock  is  a  dolomitic  limestone  of 
a  very  compact,  semi-crystalline  character,  with  a  high  per  cent  of  ar- 
gillaceous material  and  not  infrequently  a  strong  petroleum  odor.  It 
is  mottled,  having  frequently  the  appearance  of  a  limestone  breccia,  and 
consists  of  purplish  gray  angular  or  rectangular  pieces  and  similar  light 
colored  and  more  yellowish  ones.  These  latter  appear  to  be  more  ar- 
gillaceous than  the  former.  Sometimes  fragments  of  the  purple  rock 
seem  to  be  included  in  the  yellow,  while  again  in  other  cases  the  yellow- 
ish rock  is  inclosed  by  the  purplish.  Careful  examination  of  thin  sec- 
tions has  not  revealed  any  striking  differences  in  character  between  the 
two  kinds  of  rock,  except  that  the  lighter  colored  portion  is  perhaps  more 
coarsely  crysUilline.  The brecciation,  if  brecciation  it  is,  is  only  marked 
distinctly  by  the  contrast  in  color  between  the  two  fragments,  the  rock 
having  otherwise  a  nearly  uniform  texture.  The  yellowish  fragments 
weather  much  more  readily  when  exposed  than  do  the  purplish,  the  lime 
being  dissolved  and  an  earthy  residue  remaining. 

This  rock  is  commonly  very  porous  in  its  upper  portion,  the  cavities 
being  often  lined  with  crystals  of  calcite  or  other  minerals.  The  smaller 
of  the  cavities  are  due  to  the  dissolving  out  of  the  small  coral  (^aMo- 
phylluvi  hydraidicum,  which  was  exceedingly  abundant  in  the  upper 
portion  of  the  stratum.  This  coral  has  long  been  known,  hut  lias  only 
recently  been  described.  Hall  *  in  1848,  stated  that  on  Skajac}uada 
creek  the  upper  portions  of  the  Waterlime  "abound  with  cavities,  many 
of  them  containing  sulphate  of  strontian,  but  principally  empty,  and 
showinjj  the  remains  of  a  small  coral,  which  has  been  partially  removed.' 

At  Williamsville  the  rock  is  of  a  similar  character ;  **  about  3  feet  of  the 
upper  part  are  unfit  for  burning,  being  too  calcareous.  Below  this  there 
are  4  feet  of  good  quality,  and  then  a  shaly  mass  of  2  or  3  feet  thick- 
ness, below  which  the  rock  is  fit  for  cement."  t  About  8  feet  of  this 
mass  is  referable  to  the  Manlius  limestone. 

At  Akron  the  upper  fossiliferous  portion  is  more  friable  and  earthy, 
and  has  frequently  a  strong  petroleum  odor. 


•  Hall,  lH4:i,  p.  471. 
t  Hall,  1843,  p.  470. 
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In  many  places  in  the  cement  quarries  of  North  Buffalo  the  upper 
part  of  the  Manlius  limestone  is  rich  in  pyrlte,  which  commonly  occurs 
in  small  cubes,  not  infrequently  oxidized  to  limonite.  Green  stains  of 
malachite,  probably  from  decomposed  chalcopyrite,  are  not  uncommon, 
the  latter  mineral  being  disseminated  in  minute  grains.  Many  of  the 
geode  q^vities  contain  scalenahedra  or  acute  rhombohedra  of  calcite,  as 
well  as  sulphate  of  strontian.  An  analysis  of  the  Manlius  limestone  of 
the  Buffalo  cement  quarry,  made  by  Messrs  P.  N.  Coupland  and  E.  Fales, 
students  in  the  Rensselaer  Polytechnic  Institute,  gave  CaCO.,  47.23  per 
cent  and  MgCO,  19.25  per  cent.  A  sample  of  the  cement  bed  of  the 
Waterlime  from  Akron,  New  York,  gave  Mes-srs  Gil  more  and  Reid 
CaCO,  35.60  per  cent  and  MgCO,  19.26  per  cent.* 

Faunal  relations, — While  the  Bullhead  limestone  undoubtedly  occu- 
pies the  position  of  the  Manlius  limestone  of  eastern  New  York,  being 
its  stratigraphic  equivalent,  it  is  quite  distinct  from  it  in  lithologic  char- 
acter as  well  as  faunal  contents.  That  the  two  types  of  deposits  grade 
into  each  other  somewhere  east  of  the  Erie  county  line  is,  I  believe,  an 
established  fact.  If,  however,  we  compare  the  Manlius  of  Erie  county 
with  that  of  the  Helderberg  mountains — that  is,  the  well  known  Ten- 
taculite  limestone — we  are  forced  to  conclude  that  two  distinct  facies  of 
this  limestone  are  represented  within  the  state — an  eastern  calcareous 
and  a  western  dolomitic — each  with  its  distinct  faunal  types,  both, 
however,  showing  unmistakable  relationship. 

The  following  species  have  so  far  been  found  in  this  rock  in  Erie 
county  (see  page  363  for  descriptions)  : 

PLANTiE : 

NeimUophyten  cra89um  Penhallow,  rare. 

ACTINOZOA  : 

Cyaihophyllum  hydraulicam  Simpson,  coininon. 
Brachiopoda: 

OrifuAJietes  hydraulicux  (Whitfield),  coniinoii. 

Spirt  fer  erierms  sp   no  v. 

WkUfieldella  sulcata  (Vanuxem). 

WhUfieldella  cf.  rotamlata  (Whittield),  rare. 

WhUfieldella  cf.  Uevis  ( Whitlield). 

A  rhynchonelloid. 
Gastropoda  : 

Loxonema?  sp.  rare. 

Pleurotomaria  ?  sp.  rare. 
Cephaix)poda  : 

TVochoceras  gebfutrdli  Hall,  rare. 
Cbustacba  : 

Ijeperditia  scalaris  Jones,  common. 

♦Chamberlin,  1877,  p.  395, 
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A  careful  analysis  of  this  rather  meager  fauna  reveals  the  interesting 
fact  that  in  its  individual  species  and  in  its  ensetnble  it  bears  a  striking 
similarity  to  the  fauna  of  the  Coralline  limestone  of  Schoharie  county. 
Trochocerfis  gebhardii,  originally  described  from  the  Coralline  limestone, 
is  not  otherwise  known  outside  of  it.  This  species  has  been  found  at 
Williamsville  by  the  New  York  State  Survey,  and  recently  a  very  fine 
specimen  has  been  found  in  the  cement  quarries  at  Buffalo  by  Messrs 
Vogt  and  Piper,  of  the  Buffalo  high  school. 

Leperdiiia  ffcalaris,  the  only  crustacean  so  far  obtained  from  the  Man- 
lius  limestone  of  Erie  county,  is  the  representative  of  L.jmieni  of  the 
Coralline  limestone.  Both  are  typical  Silurian  Jjcperditise  and  related 
to  species  occurring  in  the  Niagara  limestone.  Among  the  brachiopods 
of  the  Bullhead,  Orthoiheleii  hydranliais  and  SpiriJ'er  eriensia  have  their 
respective  representatives  in  the  Coralline  limestone  in  OrthotheUi  inter- 
strkUua  and  Spirifer  ct-ispus  var.  corallinerms,  nom.  prop.  This  latter 
variety  differs  from  the  normal  S.  crispus  of  the  Niagara  in  its  uniformly 
obsolescent  plications  and  angular  mesial  sinus,  characters  which  most 
strongly  ally  it  to  S.  erieiudU.  Tiie  typical  Manli us  limestone  Spirifer, 
S.  vanuxemi,  is  much  more  closely  related  to  the  typical  S.  crvspus  than 
to  S,  eriemU,  which  is  its  western  representative,  while,  again,  S,  crispus 
var.  coraU'uiensis  has  more  points  of  resemblance  to  S.  erieima  than  to 
the  typical  Niagaran  S,  crispm.  OrthoUuiies  hydrmdicus  and  OrOhis^Or- 
ihoihelea)  inter  sir  i(itm  are,  as  far  as  I  have  been  able  to  compare  them, 
indistinguishable. 

Whitfieldella  stilcatri  is  a  typical  Manlius  limestone  si>ecie8  occurring 
in  that  rock  in  central  and  eastern  New  York.  It  is  not  represented  in 
the  Coralline  limestone.  W.  rotundcUa  (/)  is  represented  by  W,  nudeolnla^ 
but  W.  liecdt  (J)  has  no  representative  in  the  Coralline  limestone. 

Westward  extension  of  the  Manlius  limestone. — In  Ohio  the  Manlius  and 
the  Rondout  limestones  have  not  been  differentiated.  The  two  together 
are  known  as  the  Waterlime,  though  not  suitable  for  purposes  of  hydraulic 
cement.  The  rock  is  in  the  main  a  compact  magnesian  limestone,  chieHy 
drab  or  brown  in  color,  but  occasionally  becoming  very  light  colored, 
and  again  of  a  dark  bluish  color.*  In  the  northwestern  part  of  the  Stat* 
the  thickness  is  given  by  Orton  as  at  least  600  feet,  while  in  southern 
Ohio  the  thickness  is  only  100  feet.  **  Throughout  much  of  its  extent 
it  is  brecciated,  the  bed  seeming  to  have  been  broken  into  sometimes 
small  and  sometimes  large  angular  fragments  after  their  hardening,  and 
then  to  have  been  recemented  without  further  disturbance."  t 

•  Orton,  1893,  p.  16. 
t  Orton,  loc.  cit. 
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In  addition  to  this  brecciation  the  series  contains  "  an  immense  amount 
of  true  conglomerate,"  in  which  the  pebbles,  derived  from  the  limestone, 
otlten  are  of  enormous  size,  even  up  to  a  ton  in  weight.  'J'his  intra- 
fonnational  conglomerate  is  best  developed  in  Lucas  county,  near  the 
extreme  western  end  of  lake  Erie,  and  furnishes  ample  proof  of  shallow 
water,  if  not  repeated  land  conditions,  during  the  formation  of  these  de- 
posits. Sun  cracks  and  thin  layers  of  carbonaceous  matter  are  further 
proofs  of  shallow-water  conditions.  The  petroliferous  character  of  the 
Manlius  limestone  noted  at  Akron  and  other  places  in  Erie  county  is 
also  a  very  characteristic  feature  of  this  rock  in  Ohio,  where,  moreover, 
streaks  and  masses  of  asphaltum  occur. 

In  the  northwestern  portion  of  Ohio  and  the  adjacent  territory  in 
Michigan,  the  Waterlime  has  interpolated  between  its  memb^,  beds  of 
pure  quartz  sand,  of  which  that  known  as  the  Sylvania  sandstone,  used 
for  glass  making,  has  a  thickness  of  20  or  more  feet  in  the  Sylvania 
quarries,  and  lies  at  least  200  feet  below  the  Corniferous  limestone.* 
The  following  species  have  been  described  by  Whitfield  (1893)  from  this 
rock  at  Greenfield,  in  Highland  county.  Southern  Ohio: 

Streplorhynchus  (OrthoOaUt)  hydrauHcum  Whitfield  (also  at  Belleville,  San- 
dusky county).  » 
MeriMefia  IsevU  (Yanuzem). 
MeruAeUabella^HvM), 
NucUospira  rotundata  (Whitfield). 
Helzia  (Rhynchotpira)  formom  Hall. 
HkynchoneUa  hydraulica  Whitfield. 
Leperdiiia  angulifera  Whitfield. 

From  Put-in-Bay  island,  where  this  rock  is  well  developed,  the  fol- 
lowing species  have  been  described  if 

Spirifer  mnuxemi  Hall.  Goniophora  duhia  Hall  (also  from 

Pterinea  avicvloidea  Hall.  Marion  county). 

Eurypierus  eriensis  Whitfield. 

Lejierdiiia  aUaCoiir^A  was  described  from  Bellevue,  Sandusky  county, 
and  PerUamerus  pes-ovia  Whitfield  from  Adams  county. 

In  the  Lower  Peninsula  of  Michigan  the  Oriskany  is  represented,  ac- 
cording to  Rominger  (1876),  by  a  soft,  friable,  occasionally  perfectly 
white,  sandstone.  It  contains  impressions  of  Spirifer,  of  bivalves,  and 
of  gastropods.  In  places  it  is  almost  pure  quartz,  without  admixture  of 
foreign  substances,  and  is  extensively  used  for  making  glass.  Its  thick- 
ness is  6  or  7  feet  in  most  places,  and  it  never  exceeds  8  or  10  feet. 

♦  Orton,  1893,  p.  17. 
t  Whitfiehl,  lor.  lit. 
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The  sandstone  rests  on  a  "  hard,  compact  dolomite  rock,  mottled  with 
light  and  dark  blue  cloud}'  specks,  resembling  castile  soap."  These 
strata,  referred  to  the  Lower  Helderberg  by  Rominger,  are  frequently, 
though  not  always,  brecciated,  with  fragments  of  various  ledges  inter- 
mingled and  recemented.  The  brecciated  condition  is  traceable  through- 
out a  great  jjortion  of  the  Peninsula,  is  very  prominent  on  the  island  of 
Mackinac,  where  the  concretionary  and  conglomeritic  phases  also  occur, 
and  is  noted  again  at  Goderich,  in  Canada. 

Often  *^a  regular  unbroken  seam  of  limestone  alternates  with  the 
brecciated  layers."*  The  lower  non-brecciated  beds  are  of  the  same 
lithologic  character  as  the  fragments  composing  the  breccia. 

The  fossils  obtained  from  these  beds  include,  according  to  Rominger: 

MerUtella  lievis  (Vanuxem).  Spirorbie. 

Lq[>toc(elia  ( Ctelospira)  concava  Hall.  Cy rtoceraa. 

Heizia  (Hhyiichosfnra)  globosa  Hall.  Vegetable  remains. 
Megamhonia  {J^erinea)  amcidoidea  Hall. 

In  Wisconsin,  according  to  Chamberlin  (1877),  rocks  probably  of 
this  age  rest  on  Niagara  limestone,  and  are  but  sparingly  developed. 
They  are  overlaid  by  limestones  of  the  Hamilton  group,  which,  in  the 
absence  of  intervening  beds,  rest  directly  on  the  Niagara.  The  great- 
est thickness  recorded  for  the  so  called  "  Ix)wer  Helderberg  "  rocks  of 
Wisconsin  is  7  feet  2J  inches.  This  is  in  Fredonia,  Ozaukee  county, 
in  the  bed  of  Milwaukee  river.  It  is  a  dolomitic  rock,  in  several  layers, 
some  of  which  are  full  of  Leperditia  alia.  The  following  species  were 
described  from  this  rock  by  Whitfield  (1882) : 

Orihisi  mbcarincUa  Hall.  PUrinea  aviculoidea  Hall. 

(hlhiM  oblatn  Hall.  Leperditia  altti  (Conrad). 

MeriMella  ( WhHfiddella)nucUolcUa  (Hall). 

The  reference  of  the  various  Meristoid  brachiopods  from  the  western 
Manlius  limestone  to  Lower  Helderberg  species  of  Meristella  is  open  to 
question.  It  is  much  more  likely  that  they  all  belong  to  Whitfieldella. 
To  the  same  genus  Whitfield's  Nitcleospira  rotundata  is  probably  to  be 
referred.  The  occurrence  of  W,  nucleolata  in  the  AVisconsin  Maulius  is 
of  interest,  this  species  being  otherwise  known  only  from  the  Coralline 
limestone  of  Schoharie  county,  New  York.  The  great  similarities  of  the 
faujias  of  this  limestone  from  Ohio,  from  Michigan,  and  from  W'isconsin 
is  noticeable,  and  its  close  relation  to  the  fauna  of  the  Erie  county  Man- 
lius limestone  is  also  evident. 


•  RotniriKer,  18<Ms  p.  Xi. 
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The  identification  of  the  other  fossils  with  Lower  Helderberg  species 
of  New  York  may,  i)erhii[)s,  also  be  questioned,  since  the  imperfect 
preservation  makes  absolute  determination  almost  impossible.  Even  if 
the  determination  should  be  correct,  the  weight  of  evidence  is  in  favor 
of  the  Manlius  limestone  rather  than  Lower  Helderberg  age  of  thestrata 
containing  these  remains.  Tlie  I^ower  Helderberg  series  of  rocks,  as 
well  as  some  of  the  other  Devonic  beds  of  New  York,  are  unrepre- 
sented in  these  districts. 

A  striking  piece  of  evidence  of  a  pronounced  unconformity  between 
the  Siluric  and  Devonic  strata  in  northeastern  Illinois  has  recently 
been  described  by  Weller  (1.899).  He  found  at  the  village  of  Elmhurst 
that  an  enlarged  joint  fissure  in  the  Niagara  limestone  was  *'  filled  with 
a  breccia  composed  of  angular  fragments  of  the  adjacent  limestone  im- 
bedded in  a  dark  brown  matrix."  This  matrix  contains  an  immense 
number  of  fish  teeth  and  brachiopods,  which  indicate  the  Upper  Devo- 
nian age  of  the  deposit.  Weller  deduces  from  this  evidence  that  *'  during 
the  greater  part  of  Devonian  time  the  region  now  known  as  northern 
Illinois  was  above  sealevel."  He  holds  that  the  natural  joint  fissure  was 
widened  through  solution  by  meteoric  waters,  and  that  at  a  later  period, 
near  the  close  of  the  Devonic,  the  area  was  reoccupied  by  the  sea,  and 
the  sand  and  organic  remains  sifted  down  into  the  joint  fissure. 

The  Contact  in  Erie  County 
unconformity 

The  upper  surface  of  the  Manlius  limestone  of  Erie  county  is  knotty 
and  concretionary,  producing  minor  irregularities.  There  are  also  dis- 
tinct and  well  marked  traces  of  erosion  of  these  strata  prior  to  the  depo- 
sition of  the  overlying  rock.  These  can  be  seen  in  the  various  natural 
exposures,  but  are  usually  best  shown  in  the  quarries.     Hall  *  says  that — 

"  The  surface  on  which  the  higher  limestones  rest  is  very  uneven,  consisting  of 
abrupt  elevations  and  depressions  very  similar  to  the  channeled  bed  of  a  powerful 
stream." 

The  following  figures  illustrate  some  of  the  features  of  the  contact  as 
exposed  in  the  cement  quarries  in  North  Buffalo.  Figure  1  represents 
a  gentle  sag  in  the  beds  of  the  Manlius  limestone,  an  uneven  erosion 
plane  truncating  the  ends  obliquely.  On  this  uneven  surface  rests  the 
Onondaga  limestone,  which  thus  has  an  unconformable  relation  to  the 
Manlius  beds.    The  lenj^th  of  the  section  represented  is  about  10  feet. 

*  Hall,  1843,  p.  14A. 
LI-BuLi..  Geoi..  Sor.  An.,  Vol..  11,  18«»9 
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In  figure  2  a  channeling  in  the  same  rock  is  shown  from  another  part 
of  the  (luarry.  In  this  channel  rests  ji  lens  of  the  Onondaga  limestone, 
followed  by  regular  beds  of  the  same  rock. 


Figure  A.Sagging  and  TruncntUtn  of  Manliug  Limestone. 

In  figure  3  a  number  of  small  channelings  in  the  Manlius  limestone 
are  shown,  none  of  which  are  over  a  foot  in  depth.  These  are  fille<l  by 
lenses  of  the  Onondaga  limestone,  the  whole  being  overlaid  by  regular 
beds  of  the  same  rock. 


FiaVRK  2.^Channeling  of  Manliiis  Limestone.      Fiourk  S.-^Channeling  of  Manlius  Limestone^ 

In  figure  4  a  more  pronounced  case  of  erosion  is  shown.  This  is 
probably  a  portion  of  a  broad  channel,  the  other  ^ide  of  which  is  not 
exposed.  The  depth  of  the  excavation  is  from  3  to  4  feet.  The  bedsoi" 
Manlius  limestone  are  horizontal  and  are  cut  off  obliquely  on  the  left,  the 
depression  being  filled  by  thickened  lenses  of  the  Onondaga  limestone. 


FiQURK  A.— Erosion  of  Mantius  Litnestone. 

In  all  these  cases  the  contact  between  the  two  limestones  is  either 
direct  or  a  thin  sheet  of  decomposed  shale,  the  representative  of  the 
Oriskany,  lies  between  them. 
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In  figure  5,  which  represents  a  section  shown  in  the  east  wall  of  the 
quarry  about  2,000  feet  south  of  the  stone  crusher,  the  surface  of  the 
Manlius  limestone  is  seen  to  be  strongly  excavated,  the  excavation  being 
mainly  filled  by  beds  of  Onandaga  limestone,  the  chert  free  lower  por- 
tion of  which  is  here  about  10  feet  thick,  while  in  other  portions  of  the 
quarry  it  is  only  from  2  to  3  feet  in  thickness.  Between  the  two  lime- 
stones occurs  a  mass  of  shale  and  conglomerate,  having  a  total  thickness 
in  the  central  portion  of  something  over  a  foot.    The  lower  6  or  8  inches 


FtouRB  5. — Excavation  in  Manlius  Limestone. 

consist  of  a  limestone  conglomerate,  the  pebbles  being  fragments  of  the 
underlying  limestones,  flat,  but  well  rounded  on  the  margins,  and  show- 
ing protracted  wearing.  They  are  firmly  imbedded  in  a  matrix  of  in- 
durated quartz  sand  which  surrounds  them  and  fills  in  all  the  interstices. 
This  bed  thins  out  to  nothing  on  both  sides  of  the  channel.  Overlying 
this  conglomerate  are  about  6  indies  of  shale  and  shaly  limestone,  fol- 
lowed by  the  Onondaga  limestone.  The  width  of  the  channel  is  about 
18  feet,  its  depth  about  3i  feet. 

From  the  point  where  the  channel  occurs  the  contact  can  be  traced 
continuously  for  a  thousand  feet  or  more  eastward  in  the  cliff",  showing 
frequently  a  thin  shaly  bed,  with  here  and  there  grains  of  quartz  sand, 
between  the  two  limestones. 


A  SAMtSTONE  DIKE 

In  the  summer  of  1893  the  writer's  attention  was  attracted  by  masses 
of  pure  quartz  sandstone  occurring  with  the  fragments  of  the  Bullhead 
limestone  piled  up  in  the  refuse  heaps  in  the  cement  quarries.  Exam- 
ination showed  that  this  sandstone  was  intimately  associated  with  the 
limestone  and  was  not  erratic  in  its  nature.  On  inquiring  of  the  quarry- 
men,  the  source  of  these  fragments  was  found  to  be  a  mass  of  sandstone 
in  the  eastern  wall  of  the  main  quarry  somewhat  southeast  of  the  mill. 
The  occurrence  was  designated  as  a  '*  pocket "  by  the  quarrymen,  the 
quartz  sandstone  being  inclosed  on  all  sides  by  limestones.     A  careful 
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examination  at  a  subsequent  date  showed  this  so-called  pocket  to  be  a 
residuary  dike  of  sandstone,  formed  by  the  filling  of  a  fissure  which 
penetrated  the  entire  thickness  of  the  Bullhead  limestone  and  enteral 
the  Rondout  Waterlime  from  2  to  3  feet.  1'he  total  depth  of  the  fissure^ 
as  now  exposed  with  its  filling  of  sandstone,  is  in  the  neighborhood  of 
10  feet.  The  dike  is  squarely  cut  off  at  the  top,  where  the  Onondaga 
limestone  rests  on  its  truncated  end  and  on  the  limestones  flanking  it. 
The  Onondaga  limestone  is  entirely  unaffected  by  the  dike,  being  evi- 
dently deposited  after  the  formation  and  truncation  of  this  remarkable 
mass  of  sandstone.  The  width  of  the  fissure  is  scarcely  anywhere  over 
2  feet,  but  lateral  offshoots  extend  for  many  feet  into  the  walls  of  Bull- 
head limestone.  These  offshoots  or  rootlets  of  the  dike  are  irregular, 
commonly  narrow,  and  often  appear  as  isolated  quartz  masses  in  the 
Bullhead  or  the  Waterlime,  the  connection  with  the  main  dike  not  being 


FiouRK  W.—Fiagtnent  of  Hock  from  Margin  of  SatttUtone  Dike. 

ShuwiiiK  iiogular  pieces  of  limentone  included  in  the  sandstone  and  injected  by  tonKHcs  of  the 

nnndntone  (natural  hizc)- 

always  observable.  Such  masses  of  quartz  sandstone  have  been  noted 
at  a  distance  of  20  or  30  feet  from  the  main  dike.  They  are  always  small. 
The  dike  itself  has  been  traced  for  more  than  30  feet  in  an  etvst- and- west 
direction  in  the  sloping  walls  of  the  quarr\'.  The  walls  of  this  ancient 
fissure  are  very  irregular,  angular  miisses  of  the  limestone  projecting 
into  the  quartz  rock,  while  narrow  tongues  of  sandstone  everywhere 
enter  the  limestone.  Extensive  brecciation  of  the  limestone  has  occurred 
along  the  margin,  and  the  sandstone  there  is  filled  with  angular  frag- 
ments of  the  limestone,  which  show  no  traces  of  solution  or  wear  by 
running  water.  These  limestone  fragments  are  themselves  frequently 
injected  with  tongues  of  the  quartz  sand,  as  shown  in  figure  6. 

Microscopic  examination  of  the  sandstone  of  the  dike  shows  the  grains 
to  be  well  rounded  and  closely  united  by  a  deposit  of  secondary  silica. 
Each  grain  is  enveloped  by  this  secondary  quartz,  which  is  in  optical 


MICROSCOPIC   STRUCTURE   OF   SANDSTONE    DIKE 


359 


continuity  with  the  original  grain,  changing  it  from  a  rounded  to  an 
angular  outline  and  tilling  all  ti)e  interstices.  Figures  7  and  8  show 
such  grains  of  sand,  with  the  secondary  quartz  unshaded.  Viewed  in 
ordinar}"  light,  the  grain  is  seen  to  be  outlined  by  a  dark  line,  and  fur- 
thermore differentiated  from  the  new  quartz  by  a  cloudy  appearance, 
due  to  numerous  inclusions,  from  which  the  new  qu<artz  is  free.  Thin 
latter  is  scareely  visible  in  ordinary  light,  but  with  crossed  nicols  shows 
a  continuation  of  the  colore  of  the  original  grain  beyond  the  dark  line, 
which  is  still  visible.     The  whole  extinguishes  together. 


FiGUBKS  7  and  ».-^Sand  Grains  from  Dike  Enveloped  in  Secondary  Quartz  {greatly  enlarged). 


As  seen  in  section,  the  enlarged  grains  have  very  irregular  outlines, 
with  frequent  reentrants,  occupied  by  the  new  quartz  of  an  adjacent 
siind  grain.  In  the  immediate  vicinity  of  an  included  limestone  frag- 
ment there  is  a  strong  intermingling  of  the  quartz  grains  with  the  lime- 
stone. The  quartz  grains  retain  their  original  outline,  without  secondary 
enlargement,  the  limestone  forming  the  cement  between  them.  This 
limestone  cement  has  the  same  appearance  as  the  solid  limestone,  being 
fine  grained,  granular,  and  of  a  grayish  color. 

Pure  calcite  is  rare,  there  being  apparently  little  recrystallization  from 
solution,  except  near  the  borders  of  the  dike.  While  the  outline  of  the 
sand  grains  is  usually  sharp,  it  is  not  infrequently  an  irregular  one,  the 
limestone  matrix  appearing  as  if  pressed  into  the  sand  grain,  thus  giv- 
ing it  an  irregular  border.  Individual  grains  are  not  infrequently  in- 
cluded in  a  mass  of  limestone,  apparently  not  differing  from  the  main 
mass  of  the  limestone.    These  grains  retain  their  original  outline,  not 
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showing  any  secondary  enlargement,  thus  indicating  that  they  were  in- 
cluded before  the  consolidation  of  the  sand  in  the  fissure.  The  appear- 
ance suggests  a  trituration  of  the  limestone  along  the  walls  of  the  fissure 
and  the  borders  of  the  included  fragments,  the  finely  granulated  lime- 
stone mud  being  mixed  with  the,  coarser  quartz  grains,  the  whole  con- 
solidating without  the  formation  of  any  but  minute  crystals  of  the 
calcareous  minerals.  Frequently  a  considerable  mass  of  the  limestone 
cement  occurs  between  the  grains  of  quartz,  and  in  such  cases  crystals 
of  pure  calcite  or  dolomite  occur  in  the  center  of  the  cement. 

Sometime^  sand  grains  are  only  partially  surrounded  by  limestone, 
the  other  portions  showing  an  addition  of  secondary  quartz.  Occasion- 
ally the  interstices  between  adjoining  sand  grains  are  completely  filieil 
by  new  quartz  of  definite  form  and  individualized.  Along  the  contact 
zones  between  sandstohe  and  limestone,  cavities  occur  in  the  latter  rock, 
completely  filled  with  crystalline  calcite,  indicating  a  recrystallization 
after  the  disturbance  which  granulated  the  limestone.  There  are  also 
microscopic  fissures  in  the  limestone  masses  filled  with  crystalline  cal- 
cite. Along  the  sides  of  the  dike,  masses  of  limestone  in  long  narrow 
bands  are  not  uncommon  in  the  quartz  rock.  These  commonly  contain 
rounded  sand  grains,  and  near  their  margins  the  grains  of  the  dike  are 
surrounded  and  cemented  by  the  limestone.  They  appear  to  represent 
crushed  masses  of  limestone,  which  were  strung  out  parallel  to  the  walls 
of  the  fissure  while  the  sand  was  in  motion.  Carbonaceous  matter  is 
common  in  these  limestone  bands  and  the  limestone  adjoining  the 
quartz  dike  generally.  It  usually  occurs  in  black  specks,  which  are 
numerous  where  the  limestone  shows  evidence  of  crushing,  but  much 
less  common  in  the  solid,  unaltered  limestone.  Sometimes  the  quartz 
grains  of  the  dike  near  the  margin  are  entirely  surrounded  by  the  car- 
bonaceous matter,  which  in  filaces  constitutes  the  cement. 

All  the  features,  macroscopic  and  microscopic,  which  accompany  the 
r^andstone  dike  point  to  a  cataclysmic  origin  of  the  fissure  which  con- 
tains it  and  a  more  or  less  violent  injection  of  the  sand.  Mere  erosion 
or  widening  of  a  joint  fissure  by  solution  will  not  account  for  the  phe- 
nomena observed.  That  the  fissure  was  formed  before  the  deposition  of 
the  Onondaga  limestone  seems  evident  from  the  fact  that  this  latter  rock 
is  entirely  unafiected.  It  seems  also  certain  that  the  fissure  was  formed 
after  the  deposition  of  a  considerable  mass  of  sand  over  the  Manlius 
limestone,  and  that  the  formation  of  the  fissure  and  the  injection  of  the 
sand  from  above  occurred  simultaneously.  In  no  other  way  can  we 
account  for  the  inclusion  of  horses  of  the  wall  rock,  often  of  consider- 
able size,  and  the  injection  of  the  sand  into  all  the  fissures  and  crevices; 
nor  can  we  readily  explain  on  any  other  hypothesis  the  trituration  of 
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the  limeetone  along  the  borders,  which  clearly  indicates  a  violent  contact 
l»4?tween  the  sand  and  the  already  consolidated  limestone.  The  suppo- 
sition that  the  fissure  is  due  to  a  violent  disruption  of  the  wall,  probably 
the  effect  of  an  earthquake  shock,  is  further  borne  out  by  the  numerous 
minute  faults  which  occur  in  the  Waterlime  in  the  vicinity  of  the  fissure 
and  elsewhere.  These  faults  never  exceed  in  throw  a  fraction  of  an  inch, 
and  are  only  brought  out  by  the  very  perfect  banding  of  the  Waterlime. 
Prom  the  fact  that  the  sand  which  filled  the  fissure  is  not  traceable 
along  the  contact  away  from  the  fissure,  except  in  a  very  thin  interrupted 
bed,  in  which  shaly  limestone  predominates,  and  sand  grains  are  not  very 
plentiful,  indicates  that  some  considerable  erosion  may  have  occurred 
after  the  filling  of  the  fissure,  for  it  is  hardly  conceivable  that  all  the 
sand  deposited  on  the  surface  of  the  limestone  should  have  been  injected 
into  the  fissure.  It  is  much  more  likely  that  a  considerable  bed  of  sand 
had  accumulated  above  the  Bullhead,  part  of  which  was  forced  into  the 
fissure  when  it  was  produced.  The  remaining  sand,  as  well  as  that  cover- 
ing the  limestone  away  from  the  fissure,  must  have  been  swept  away 
subsequently,  only  thin  residual  lenses  remaining  in  hollows  of  the  under- 
lying rock.  Indeed,  it  is  not  improbable  that  the  Bullhead  limestone 
was  formerly  much  thicker,  and  that  the  dike  extended  higher  up,  an 
indeterminable  thickness  of  limestone  and  dike  having  been  removed 
by  erosion  during  early  Devonic  times. 

Devonic  Rocks  adjoining  the  Contact  in  Erie  County 

oriskany  reprrsbnta  ti vb 

Since  Schuchert  (1900)  and  Clarke  (1900)  have  demonstrated  that  the 
Helderbergian  rocks,  from  the  Coeymans  (Lower  Pentamerus)  limestone 
to  the  Kingston  (Upper  Shaly)  beds,  inclusive,  are,  from  the  nature  of 
their  faunas,  referable  to  the  Lower  Devonian,  it  is  evident  that  the 
Siluric  section  has  its  best  representation  in  western  New  York,  where 
all  its  members  from  the  Medina  sandstone  to  the  Manlius  limestone 
are  developed.  Not  so,  however,  in  the  case  of  the  Devonic ;  practically 
the  whole  of  the  I/>wer  Devonian  and  a  great  part  of  the  lower  Middle 
Devonian  (following  Clarke  and  Schuchert's  classification,  1899)  are  un- 
represented. The  whole  of  the  Helderbergian  series  of  rocks  is  wanting, 
as  well  as  the  Esopus  and  Schoharie  grits.  The  only  representation  of 
the  Ix)wer  Devonian  is  in  the  thin  beds  of  shale,  shaly  limestone,  sand, 
and  conglomerate  already  noted  as  occupying  hollows  in  the  surface  of 
the  Manlius  limestone.  Clarke  holds  that  the  region  about  western 
New  York  was  dry  land,  or  at  least  not  much  below  sealevel,  during 
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all  the  time  that  the  Lower  Devonian  rocks  were  accumulating  in  eastern 
New  York.  I  fully  agree  with  this  view,  and  from  evidence  given  ahove 
it  appears  that  this  condition  extended  westward. 

No  fossils  have  been  found  in  the  bed  supposed  to  represent  the  Oris- 
kany,  and  this  identification,  based  only  on  the  position  of  the  rock,  w 
not  to  be  considered  as  strictly  correct.  These  accumulations  of  shale, 
sandstone,  and  conglomerate  may  have  occurred  at  any  time  during  the 
long  interval  marked  by  the  accumulation  of  the  Helderbergian,  Oris- 
kanian,  and  Lower  Ulsterian  rocks  in  eastern  New  York  and  the  devel- 
opment of  their  faunas.  These  thin  intermediate  beds  bear  no  neces- 
sary time  relation  to  the  Oriskany  sandstone  of  central  and  eastern  New 
York,  and  they  are  correlated  with  this  horizon  merely  on  stratigraphic 
evidence. 

These  intermediate  beds  are  not  restricted  in  occurrence  to  the  region 
about  North  Buffalo.  Hall  *  states  that  in  the  eastern  portion  of  the 
county — 

**  In  the  town  of  Newstead  a  mass  of  partially  decomposed  clay  and  sand  lies 
between  the  Waterlime  and  Onondaga  limestone ;  it  is  about  six  inches  or  a  foot 
thick,  highly  stained  with  iron,  and  exhibiting  a  partially  conglomerated  appear- 
anf«.  In  this  are  several  peculiar  coralline  fossils.  It  occupies  the  place  of  the 
Oriskany  sandstone,  and  is  its  only  representative." 

The  fossils  have  never  been  described  and  their  affinities  are  unknown. 

ONONDAGA  LIMB8T0NR 

This  is  the  only  representative  of  the  lower  Middle  Devonian  (Ul- 
sterian of  Clarke  and  Schuchert)  in  western  New  York,  both  the  Esopus 
(Cauda-galli)  and  Schoharie  grits  being  absent.  The  lower  portion  of 
this  limestone  is  crystalline  and  free  from  chert,  commonly  highly  fos- 
siliferous  and  varying  greatly  in  thickness.  In  the  cement  quarry  in 
North  Buffalo  it  is  usually  2  to  3  feet  thick,  except  above  the  thin  stratum 
of  conglomerate,  the  thickness  there  being  nearly  10  feet,  decreasing  rap- 
idly on  all  sides.  On  Skajaquada  creek.  Bishop  gives  its  thickness  as 
3  to  5  inches  at  the  Main  Street  bridge  and  7  feet  in  Forest  Lawn  cem- 
etery. In  the  Park  quarry  it  is  5}  feet  thick,  while  at  Fogelsonger's 
quarry,  in  Williamsville,  it  has  a  thickness  of  35  feet.  "At  Young^s 
quarry,  2  miles  farther  east,  it  is  30  to  35  feet  thick,  but  thins  out  rap- 
idly beyond  to  a  thickness  of  3  to  5  feet."t  At  the  two  quarries  last 
mentioned  the  rock  is  chiefly  a  mass  of  coral,  the  remains  of  an  ancient 
coral  reef. 


♦  Hftll,  1843,  p.  472. 
t  Hiflhop,  189.\  p.  313. 
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The  Corniferous  limestone,  which  is  now  included  with  the  Onondaga, 
of  which  it  constitutes  the  upper  cherty  beds,  is  well  developed  through- 
out Erie  county,  forming  the  summit  rock  of  the  cuesta.  The  average 
total  thickness  of  the  Onondaga  limestone  (including  both  the  CorniferouH 
and  the  Crystalline  beds)  is  given  by  Bishop  (page  390)  as  108  feet  in 
Erie  county.  The  whole  of  this,  however,  is  not  shown  on  the  edge  of 
the  cuesta,  erosion  having  removed  a  great  part  of  the  upper  beds.  The 
thickness  has  been  obtained  from  well  borings  near  the  southern  edge 
of  the  outcrop. 

Stratigraphic  Summary 

The  Siluric  section  is  complete  in  Erie  county,  New  York,  from  the 
Medina  sandstone  to  the  Manlius  limestone,  which  in  New  York  state 
is  the  upper  member  of  the  Siluric.  An  important,  though  not  very 
readily  noticed,  unconformity  exists  between  the  Manlius  limestone  and 
the  overlying  Onondaga  limestone  of  the  lower  Middle  Devonian.  This 
unconformity  indicates  a  period  of  land  surface  in  western  New  York, 
during  which  the  Lower  Helderberg  and  Oriskany  beds  and  the  Esopus 
and  Schoharie  grits  were  deposited  in  the  east.  Thin  deposits  of  a  con- 
glomerate and  shaly  sand  and  limestone  occasionally  occur  in  hollows 
in  the  eroded  surfitce  of  the  Manlius  limestone.  These  may  be  con- 
sidered Oriskany,  though  their  age  may  be  anywhere  in  the  Lower  De- 
vonian. A  remarkable  fissure  in  the  Siluric  rocks  and  bearing  evidence 
of  being  formed  by  violent  action  is  filled  with  pure  quartz  sandstone 
containing  angular  limestone  fragments.  This  was  formed  and  filled  be- 
fore the  deposition  of  the  overlying  Onondaga  limestone.  In  Ohio  and 
Michigan  the  Manlius  limestone  is  a  brecciated,  often  conglomeritic 
limestone,  bearing  strong  evidence  of  shallow  water  and  at  times  dry 
land.  The  fauna  of  the  Manlius  limestone  in  Erie  county  is  a  recur- 
rence of  the  fauna  of  the  Coralline  limestone,  the  Niagara  equivalent  of 
Schoharie  county. 

Synopsis  of  the  Organic  Remains  in   the  Manlius  Limestone  of 

Erie  County 

nbjiatopifyton  crassum  penhallow 

18%.  Nematophyion  crasmm  Penhallow.     Canadian  Record  of  Science,  July  1896, 
pages  151-156,  plate  II. 

Tliis  species  was  identified  by  Penhallow  from  a  specimen  obtained 
by  Mr  F.  K.  Mixer  from  the  upper  part  of  the  "  Waterlime  group  "  in 
Buffalo.    The  specimen  came  from  the  Bullhead  or  Manlius  limestone 

LII— Hoi.r..  GROr..  Soc.  Am.,  Vui..  11,  1899 
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of  the  Buffalo  cement  quarry.     A  detailed  deHcription  with  illustrations 
of  transverse  sections  is  given  by  Penhallow. 

CVA  THOPrt  YLL UM  H  YDRA  VLiriM  SIMPSON' 
(Piute  21,  fiKiiroft  \an<l.) 

1900.  CSjaihfjphynum  hydraulicum  Simpson  (M8S.).     Memoir  of  the  New  York  State 
Museum.     "  The  Genera  of  Palaeozoic  Corals."    (In  press.) 

Corallum  simple,  conico-cylindrical,.U8ually  long  and  slender.  Growth 
irregular,  with  numerous  abrupt  changes  in  direction.  »Surface  of  the 
mature  portion  longitudinally  ribbed  by  numerous  rounded  costal 
ridges,  which  are  strongly  marked  and  separated  from  each  other  by 
a  sharply  depressed  line.  Epitheca  well  developed,  the  numerous  lines 
of  growth  strongly  marked  on  the  surfaces  of  the  costse.  The  epitheca 
is  thrown  into  frequent  coarse  wrinkles  which  give  the  coral  a  ver}' 
rugose  appearance. 

The  young  corallum  is  usually  destitute  of  costae,  and  is  subcylin- 
drical  in  form,  barely  increasing  in  diameter  through  a  length  of  over 
half  an  inch.  It  is  strongly  marked  by  the  wrinkles  and  lines  of  growth 
of  the  epitheca,  which  are  sometimes  quite  sharp.  At  the  end  of  this 
youthful  stage  the  corallum  rapidly  expands,  often  abruptly  so,  and  the 
costs  quickly  become  prominent. 

Calyx  of  moderate  depth,  the  total  depth  being  usually  somewhat  less 
than  the  greatest  diameter  of  the  calyx.  Septa  numerous,  strong  but 
thin,  and  separated  by  interspaces  from  two  to  three  times  their  width. 
They  retain  a  uniform  width  from  periphery  to  center.  Bottom  of 
calyx  often  flattened  in  the  center ;  the  septa  meet  and  become  slighth' 
twisted.  They  not  infrequently  unite  before  they  reach  the  center. 
Dissepimental  structures  appear  .to  be  well  developed.  No  fossula 
occurs. 

The  corallum. is  not  infrequently  curved,  the  primary  septum  then 
appearing  on  the  convex  side.  The  remarkable  cylindrical,  non-costate 
young  with  strongly  wrinkled  epitheca,  and  the  usually  abrupt  appear- 
ance of  the  cosUe,  and  the  concomitant  rapid  expansion  of  the  corallum 
are  the  most  striking  features  of  this  coral.  No  internal  structure  has 
been  observed,  as  the  fossils  are  nearly  all  represented  by  hollow  molds. 
From  these,  gutta-percha  casts  can  readily  be  made  which  will  show 
all  the  external  characters  of  the  corallum  in  great  clearness.  No  well 
preserved  coral  has  been  found  so  far,  the  only  cases  where  the  coral 
was  preserved  at  all  being  rendered  worthless  by  the  crystallization  of 
the  whole  interior,  thus  destroying  all  structural  features. 

These  corals  are  abundant  in  the  upper  three  or  four  feet  of  Manilas 
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liraestone  in  nearly  all  its  exposures  in  Erie  county.  Most  of  the  indi- 
viduals lie  parallel  to  the  bedding  plane,  having  fallen  before  they  were 
buried.     No  specimens  are  known  from  localities  outside  of  the  county. 

ORTHOTHETBS  U  YDRA  ULICUS  (  WHITFIELD) 
(Plate  22,  flguren  \a-c. )      * 

1882.  Streptorh/iichus  hydraulicum  Whitfield.  Annals  of  the  New  York  Academy  of 
Sciences,  volume  ii,  page  193 ;  volume  v,  1891 ,  page  dOS,  plate  5,  figures  1-3. 

1893.  StreptorhynchuB  hydraulicum  Whitfield.  Report  of  the  Geological  Survey  of 
Ohio,  volume  vii,  page  410,  plate  I,  figures  1-3. 

This  species,  originally  described  from  Bellville  and  Greenfield,  Ohio, 
is  abundant  in  the  Manlius  limestone  of  Erie  county.  The  shell  is 
rarely  preserved,  but  the  molds  are  often  very  perfect,  allowing  sharp 
and  clear  gutta-percha  casts  to  be  taken. 

The  pedicle  valve  has  a  slightly  elevated  beak,  with  a  low,  triangular 
cardinal  area,  which  is  flat  and  transversely  striate ;  delthyrium  mod- 
erate, covered  in  great  part  by  a  strong  convex  deltidium.  The  cardi- 
nal teeth  are  prominent  and  supported  by  two  short  and  narrow  dental 
plates,  which  have  the  same  angle  of  divergence  as  the  sides  of  the 
delthyrium.  The  cardiniil  extremities  are  obtuse,  the  hinge  line  being 
shorter  than  the  greatest  width  of  the  shell,  while  the  front  is  uniformly 
rounded. 

The  brachial  valve  has  a  very  narrow  hinge  area,  which  is  erect, 
making  a  moderately  obtuse  angle  with  the  hinge  area  of  the  pedicle 
valve.  A  strong  band-like  chilidium  covers  the  median  fissure.  Be- 
tween it  a,nd  the  deltidium  there  is  a  narrow  open  space,  through  which 
can  be  seen  the  cardinal  process,  which  appears  bilobed  ;  surface  of  both 
valves  marked  with  strong,  rounded,  but  sharply  defined  radiating 
.stria?,  which  curve  slightly  upward  on  the  lateral  margins  near  the  car- 
dinal area.  The  strongest  of  these  reach  close  up  on  to  the  beak. 
Passing  forward,  new  strise  appear  between  them  as  soon  as  they  have 
separated  by  more  than  their  own  width.  Additional  sets  of  stria? 
appear  as  the  shell  increases  in  size,  these  having  been  observed  up  to 
the  fifth  generation.  The  strire  are  cancellated  by  uniform,  close,  fine, 
and  regular  concentric  lines,  which  are  most  prominent  on  the  strise. 

A  mold  of  the  interior  shows  the  stria?  quite  strongly,  and  even  the 
cancellations  are  visible.  It  is  not  improbable,  however,  that  after  the 
solution  of  the  shell,  the  two  molds  becoming  closely  appressed,  the 
stronger  external  features  were  impressed  upon  the  weaker  internal, 
thus  accounting  for  the  markings,  which  would  otherwise  indicate  a 
shell  of  great  tenuity.  The  muscular  impressions  have  not  been  re- 
tained in  the  molds. 
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This  species  is  so  closely  related  to  Orthu  {Orihotkeies)  interslriatns 
Hall)  of  the  Coralline  limestone  at  Schoharie,  that  it  is  practically  im- 
possible to  distinguish  the  two.  In  size,  outline,  and  convexity  of 
valves,  form,  and  method  of  intercalation  of  striae  and  character  of  can- 
cellating  lines,  the  specimens  from  the  Manlius  limestone  of  Erie  county 
and  those  of  the  Coralline  limestone  of  Schoharie  county  appear  to  be 
identical.  The  only  difference  observed  is  in  a  shallow  but  broad  mesial 
depression  in  the  pedicle  valve  which  occurs  in  a  number  of  specimens 
from  Williamsville  and  Akron,  but  has  not  been  observed  in  the  Coral- 
line limestone  species ;  neither  does  it  always  or  even  very  commonly 
occur  in  the  Manlius  limestone  species  in  Erie  county,  New  York.  It 
appears  to  be  characteristic  of  the  specimens  of  this  species  from  Ohio. 

This  species  occurs  throughout  the  Manlius  limestone  in  Erie  county, 
but  is  most  abundant  in  the  upper  2  or  3  feet.  Sometimes  slabs  of  the 
stone  are  covered  with  the  impressions  of  these  shells,  one  mold  oblit- 
erating the  other.  Similar  conditions  occur  in  this  rock  at  the  Ohio 
localities. 

SPIRIFER  ERIENSIS,  SP.  NOV. 
(l»lat.'21,  figures  2a-b.) 

Shell  small,  pedicle  valve  strongly  convex,  almost  ventricose,  sub- 
rhomboidal  in  outline,  with  the  beak  much  elevated  and  gently  incurved. 
Mesial  sinus  pronounced ;  angular  in  the  center,  with  the  sides  nearly 
flat,  gradually  and  uniformly  increasing  in  width  from  the  beak  forward. 
Sometimes  it  is  slightly  rounded  in  the  bottom.  It  is  prolonged  at  the 
front  of  the  shell  as  a  prominent  rounded  lip.  On  either  side  of  the 
sinus  is  a  moderately  strong,  broadly  rounded,  but  not  very  prominent 
plication,  in  addition  to  which  there  are  about  three  or  four  on  either 
side,  which  are  fainter  and  progressively  become  narrower  away  from 
the  sinus.  Interspaces  narrow,  having  the  form  of  a  depressed  line,  the 
broadest  next  to  the  plication  adjoining  the  sinus.  Brachial  valve  al- 
most semicircular,  moderately  convex,  with  a  straight  hinge  line,  which 
is  shorter  than  the  greatest  width  of  the  valve.  Beak  elevated  above  the 
hinge  line  and  incurved.  Fold  distinctly  defined  by  a  sharp  depressed 
line  on  either  side,  but  not  elevated  much  above  the  general  surface  of 
the  valve.  It  gradually  and  uniformly  widens  forward,  is  broadly 
rounded  on  top,  and  is  occasionally  marked  by  a  slight  central  depres- 
sion. Ribs  almost  obsolete,  a  faint  depression  outlining  the  first  on 
either  side  of  the  fold  in  some  specimens.  Surfaces  of  both  valves 
marked  by  fine,  uniform,  and  subequally  spaced  concentric  lines  which 
curve  forward  in  the  sinus  of  the  pedicle  valve.  Occasionally  strong 
lines  mark  a  temporary  resting  stage  during  growth.    The  whole  sur- 
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face  appears  to  be  covered  with  fine  radiating  striae,  which  are  inter, 
rupted  by  the  concentric  striae,  thus  giving  the  surface  a  fimbriate 
appearance. 

On  the  interior  of  the  pedicle  valve  are  two  short  dental  plates,  diverg- 
ing slightly  more  than  the  sides  of  the  sinus. 

The  cardinal  area  of  this  species  is  high,  occupying  in  some  specimens 
as  much  as  a  third  of  the  total  height  of  the  valve.  The  strength  of 
the  ribs  on  the  brachial  valve  varies  somewhat  in  different  specimens, 
but  they  are  always  much  less  marked  than  those  of  the  pedicle  valve, 
and  they  are  usually  quite  obsolete. 

The  species  to  which  this  most  nearly  approaches  is  the  variety  of 
&  criaptis  Hisinger  found  in  the  Coralline  limestone  at  Schoharie.  In 
this  variety  the  ribs  are  much  fainter  than  in  the  normal  S.  crispus  of  the 
Niagara  shales  and  limestones  of  western  New  York.  In  many  speci- 
mens from  Schoharie  the  ribs  are  almost  obsolete,  comparing  well  with 
their  character  in  &  erierma.  The  sinus  of  the  Schoharie  specimens  is 
subangular,  and  the  fold  flattened  much  as  in  the  Bullhead  limestone 
species.  This  variety  is  also  proportionally  higher  than  the  normal 
form,  giving  a  subrhomboidal  outline  to  the  pedicle  valve,  which  strongly 
recalls  S,  eriensis.  In  general  the  ribs  of  this  latter  species  are  slightly 
broader  and  rather  more  flattened  on  top  than  is  the  case  in  the  Coral- 
line limestone  species,  and  the  interspaces  are  somewhat  narrower. 
Taking  all  the  variations  into  consideration,  a  very  close  relation  must 
be  accepted  as  existing  between  the  two  species. 

The  specimens  described  by  Whitfield  as  S,  vanuxemi  from  the  hydraulic 
limestone  (Manlius?)  of  Peach  point,  Put-in-bay,  Lake  Erie,  resembles 
rather  more  closely  the  normal  S,  crispxis  than  it  does  the  typical  S. 
vanuxemi  of  the  Manlius  limestone  of  central  New  York.  This  similarity 
to  the  Niagaran  species  was  observed  by  Whitfield.  The  strong  plica- 
tions and  greater  width  separate  it  from  S.  erienm. 

Most  of  the  specimens  of  S,  erienais  were  found  at  Williamsville.  A 
few,  however,  came  from  the  cement  quarries  in  North  Buffalo. 

Width  of  the  pedicle  vaJve  illustrated,  10  millimeters;  length,  8.5 
millimeters.  Width  of  the  brachial  valve  illustrated,  7.5  millimeters; 
length,  6  millimeters. 

WHITFIELDELLA  SULCATA  {VANUXEM) 
(Plate  22,  figures  2a-d.) 

1842.  Atrypa  mlcaia  Vanuxem.    Geological  Report  of  the  Third  District  of  New 

York,  page  112,  figure  5. 
1 W3.  Atrypa  mlcata  Hall.     Geological  Report  of  the  Fourth  District  of  New  York, 

page  142,  figure  5. 
1859.  Merigta  bimlcaia  Hall.     Paleontology  of  New  York,  volame  3,  page  253. 
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This  characteristic  Manlius  limestone  species  is  quite  common  in  the 
Bullhead  limestone  of  North  Buffalo  and  Akron.  The  individuals  are 
of  the  size  of  the  specimens  figured  by  Vanuxem  and  Hall  and  agree 
closely  with  them  in  form  and  proportions. 

The  shell  is  ventricose,  elongately  ovoid  to  subpentagonal  in  outline, 
most  bulging  in  the  posterior  third.  The  beak  of  the  brachial  valve  is 
slightly  incurved  and  overarched  by  that  of  the  pedicle  valve,  which  is 
considerably  more  elevated.  The  mesial  sinus  of  the  pedicle  valve  is  well 
developed,  narrow  and  prominent  near  the  front;  that  of  the  brachial 
valve  is  less  prominent,  being  more  of  the  nature  of  a  flattening  near 
the  anterior  margin.  The  concentric  lines  of  growth  are  very  fine  and 
occasionally  interrupted  by  strong  wrinkles.  Near  the  front  of  the 
pedicle  valve  in  mature  or  senile  individuals  an  abrupt  change  of  growth 
occurs,  the  relative  size  of  the  valve  becoming  progressively  reduced  with 
further  growth.  On  this  portion  of  the  shell  the  lines  of  growth  are  more 
prominent. 

This  shell  is  readily  recognized  by  its  elongate  character,  strong  ven- 
tricosity,  and  well  marked  sharp  mesial  sinus  in  the  pedicle  valve.  It 
is  not  uncommon  in  the  more  compact  portions  of  the  rock,  but  in  the 
porous  portions  it  apjiears  usuall}'  as  hollow  molds. 

The  measurements  of  an  average  pedicle  valve  are :  Length,  9.5  milli- 
meters; width,  7.5  millimeters;  convexity,  3.5  millimeters. 

WHITFIELDELLA  CF.  ROT VN DATA  {WHITFIELD) 

(PlaU'  22,  figures  ?ia-b.) 

Cum  pare  NtwUompira  roturiflnta  Whitfield.  Annals  of  the  New  York  Academy  of 
Sciences,  volume  ii,  1882,paj?e  194,  and  Geological  Survey  of  Ohio,  1893,  volnnie 
vii,  page  413,  plate  1,  figures  11-14'. 

Shell  small,  subcircular  in  outline,  with  the  valves  moderately  con- 
vex ;  pedicle  valve  more  strongly  convex  than  brachial,  slightly  longer 
than  wide,  with  a  pointed,  gently  incurved,  and  slightly  overhanging 
beak.  The  greatest  convexity  of  the  valve  is  a  little  posterior  of  the 
center,  from  which  point  the  contour  descends  toward  the  beak,  at  first 
with  a  gentle,  then  with  a  more  abrupt  curvature.  The  final  portion  of 
the  curve  of  the  beak  is  approximately  at  right  angles  to  the  plane  of 
contact  between  the  valves.  Anteriorly  the  slope  is  a  uniform  curve. 
A  faint  medial  flattening  or  depression  occasionally  occurs;  rostral 
cavity  deep  ;  teeth  supported  by  short,  strongly  diverging  dental  larael- 
Ije,  which  appear  to  lie  just  beneath  the  cardinal  slopes;  surface 
marked  by  numerous  lines  of  growth  and  by  frequent  (in  some  speci- 
mens) stronger  concentric  wrinkles;  brachial  valve  less  convex  than 
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the  pedicle,  with  the  beak  closely  incurved  beneath  that  of  the  pedicle 
valve.  In  some  specimens  the  cardinal  slopes  are  less  rounded,  giving 
the  posterior  portion  of  the  shell  a  subtriangular  aspect. 

The  subcircular  expression  of  the  shell,  its  moderate  and  uniform 
convexity,  and  the  gently  incurved  beak  distinguish  this  species.  It 
may  most  readily  be  compared  with  Whitfield's  Nucleoapira  rotundata 
from  Greenfield,  Ohio,  but  that  species  is  usually  represented  by  larger 
specimens. 

A  comparison  with  Whitfielddla  nucleoUvUi  Hall  of  the  Coralline  lime- 
stone of  Schoharie  shows  considerable  similarity  between  the  two  spe- 
cies. The  Coralline  limestone  species  has,  however,,  a  more  circular 
expression,  the  width  usually  slightly  exceeding  the  length.  In  other 
respects  the  two  species  are  very  close.  This  species  is  not  uncommon 
in  the  friable  bituminous  portion  of  the  Manlius  limestone  at  Akron,  in 
the  extreme  eastern  portion  of  Erie  county,  New  York.  It  has  so  far 
been  found  chiefly  in  the  form  of  molds,  both  external  and  internal,  the 
shell  being  wholly  dissolved.  Characters  of  the  exterior  are  often  im- 
pressed on  the  internal  mold  from  pressure  contact.  Occasionally  the 
mold  is  filled  with  crystalline  calcite,  which  forms  a  perfect  cast  of  the 
shell. 

An  average  pedicle  valvfi  measures  9  millimeters  in  length  by  8  milli- 
meters in  width.    The  convexity  of  the  valve  is  2.5  millimeters. 

WHITFIBLDELLA  CF.  LjE VIS  {WHITFIELD) 
(Plate  22,  figures  4a-d) 

Compape  MeriaiaUa  kevis  Whitfield.    Annals  of  the  New  York  Academy  of  Sciences, 

18S2,  volume  ii,  page  195 ;  ibidem,  Geology  of  Ohio,  volume  vii,  1893,  page  411, 

plate  I,  fiinires  6-7. 
Compare  MerigUUa  kevis  (Vanuxem)  Hall.    Palaeontology  of  New  York,  volume  3, 

plate  39,  figure  1. 
Not  Atrypa  Issvis  Vanuxem.    Geological  Report  of  the  Third  District  of  New  York, 

1842,  page  120,  figure  2. 

Shell  small,  the  largest  specimen  obtained  not  exceeding  10  milli- 
meters in  length.  Pedicle  valve  broadly  ovoid,  gibbous,  the  greatest 
gibbosity  in  the  umbonal  third.  Longitudinal  contour  a  symmetrical 
curve,  descending  more  abruptly  in  the  umbonal  region.  Transverse 
contour,  a  symmetrical  arch  flattened  at  the  top,  and  with  steep  sides, 
which  approach  verticality  in  the  umbonal  region.  A  faint  depressed 
line  runs  down  the  center  from  near  the  beak  to  the  anterior  margin. 
Surface  marked  by  fine  concentric  growth  lines  and  by  coarser  wrinkles 
appearing  at  intervals. 
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Rostral  cavity  of  moderate  depth ;  teeth  strong  and  rounded,  sup- 
ported by  two  thin  but  prominent  dental  lamellae  which  diverge  but 
slightly  and  arise  from  the  bottom  of  the  valve.  Beak  apparently  trun- 
cated by  a  circular  foramen  of  moderate  size.  A  strong,  rather  broad, 
and  not  distinctly  defined  median  elevation  divides  the  muscular  area, 
which  appears  to  be  longitudinally  striate.  This  ridge  broadens  forward 
and  at  the  same  time  becomes  more  and  more  obsolete.  The  rostral 
portion  of  the  pedicle  valve  of  this  species  is  strongly  compressed  later- 
ally, the  sides  converging  uniformly.  This  gives  the  shell  an  elongate 
appearance,  while  the  actual  length  is  but  slightly  greater  than  the 
width.  There  is  some  variation  in  this,  in  some  cases  the  length  being 
scarcely  more  than  the  width. 

Brachial  valve  somewhat  less  convex  than  pedicle,  with  the  beak  in- 
curved beneath  that  of  the  pedicle  valve. 

The  ovoid  form,  very  slightly  diverging  dental  lamellsB,  and  the  median 
ridge  dividing  the  muscular  impression  distinguish  this  species  from  the 
preceding  one. 

RHYNCBONELLOID 

A  single  fragment  has  been  found  of  a  coarsely  and  angularly  ribbed 
brachiopod,  with  the  ribs  anteriorly  incised  for  the  reception  of  those 
of  the  opposite  valve.  The  ribs  are  too  large  and  too  angular  to  allow 
reference  to  Whitfield's  RhynchoneUa  hydraxUicum,  from  similar  rock  of 
Greenfield,  Ohio.  In  this  latter  species  the  ribs  are  rounded  on  top  and 
they  are  less  coarse.  The  specimen  was  obtained  at  Akron,  New  York, 
and  is  replaced  by  calcite. 

LOXONEMA  f  SP. 
(Plate  22,  Egure  5.) 

An  internal  mold  showing  nothing  but  the  general  outline  of  the 
volutions  and  the  form  of  the  spire  was  obtained  from  the  Manlius 
limestone  of  Buffalo.  Only  four  volutions  remain,  separated  by  rather 
deep  sutures.  Vyhorls  uniformly  rounded.  Angle  of  divergence  between 
11  and  12  degrees.  From  the  imperfect  state  of  preservation,  even  the 
generic  determination  must  be  doubtful. 

PLEUROTOMARIA  f  SP. 

A  trochiform  gastropod,  perhaps  referable  to  this  genus,  was  obtained 
from  the  Manlius  limestone  of  Buffalo.  The  specimen  is  very  poorly 
preserved,  only  partial  molds  remaining.  The  volutions,  of  which  there 
appear  to  have  been  5  or  6,  are  rather  low  and  somewhat  flattened,  with 
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apparently  an  angulation  on  the  margin.    The  shell  appears  to  have 
been  umbilicated. 

TROCHOCERAS  OEBHARDII  HALL 
(Plate  21,  flguree  %n-b.) 

1852.  Trochoceras  gebhardii  Hall.    Paleontology  of  New  York,  volume  2,  page  .SHo, 
plate  77,  figure  2 ;  plate  77 i1  figuree  la-d. 

This  species,  originally  described  from  the  Coralline  limestone  of 
Schoharie  county,  is  represented  by  several  specimens  from  the  Manlius 
limestone  of  Erie  county.  A  very  perfect  specimen  (plate  21,  figures 
3a-6)  obtained  by  Vogt  and  Piper  from  the  cement  quarries,  preserves 
about  4i  volutions,  several  being  broken  away  at  the  a})ex.  The  shell 
has  the  aspect  of  a  large  gastropod  with  rounded,  strongly  embracing 
whorls.  The  umbilicus  is  wide  and  deep,  the  margin  angular,  cross-sec- 
tion of  body  whorl  irregularly  8ubhemisi)herical.  The  apical  angle  of 
the  spire  is  60  degrees,  tiie  sutures  being  moderately  depressed  below 
the  outline.  No  septa  are  shown.  In  a  specimen  from  Williamsville, 
referred  to  this  species,  the  surface  of  the  shell  is  marked  with  fine  crowded 
lines  of  growth.    No  other  surface  ornamentation  is  shown. 

Greatest  diameter  of  the  spire  of  the  illustrated  specimen,  75  millimeters. 
This  is  about  a  volution  younger  than  the  type  specimens,  with  which 
it  agrees  in  all  the  points  which  admit  of  comparison.  Where  the  body 
whorl  has  a  height  of  45  millimeters,  the  umbilicus  has  a  diameter  of 
30  millimeters. 

In  addition  to  the  fine  s})ecimen  obtained  from  Buffalo,  a  number  of 
compressed  portions  of  whorls  have  been  obtained  from  this  rock  at 
Williamsville.  These  are  in  the  state  collection  at  Albany  and  appear 
to  represent  older  and  larger  individuals.  The  fact  that  septa  are  not 
visible  does  not  render  the  identification  doubtful,  as  the  form  of  the 
shell  is  very  characteristic.  The  greater  portions  of  the  type  specimens 
from  Schoharie  show  no  septa. 

LBPBRDITIA  SCALARIS  J0NB8 
(Plate  22,  figures  6a-d.) 

18oS.  LeperdUia  gibbera  var.  scaUiris  Jones.    Annals  and  Magazine  of  Natural  His. 
tory,  third  seriee,  volume  iv,  page  250,  plate  x,  figures  7a-6,  lOa-6,  11. 

This  species  was  described  by  Jones  from  specimens  obtained  from 
the  gray  "  Waterlime  rock  "  of  Williamsville  by  Sir  Charles  Lyell.  One 
of  his  specimens  was  half  an  inch  in  length  by  three-tenths  of  an  inch 
in  height.  The  species  is  confined  to  the  Manlius  limestone  in  Erie 
county,  and  occurs,  besides  at  Williamsville,  at  Buffalo  and  Akron,     It 

LIII— Bum..  Groi..  Soc.  Am..  Vor..  11,  1899 
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is  usually  very  common,  often  crowding  the  surface  of  the  thin  layers  of 
limestone.  The  general  outline  of  the  carapace  is  bean-shaped,  as  in 
Leperditia  generally.  The  greatest  height  is  posterior  to  the  middle. 
Hinge  line  straight,  about  two-thirds  the  length  of  the  carapace,  termi- 
nating anteriorly  in  an  obtuse,  slightly  salient  angle.  Posterior  extrem- 
ity of  hinge  line  likewise  salient,  with  the  posterior  border  below  it 
uniformly  rounded  on  a  short  radius.  Anterior  dorsal  margin  sloping 
off  abruptly,  making  an  angle  of  about  180  degrees  with  the  hinge  line. 
Anterior  end  nasute,  obtusely  rounded.  Basal  margin  a  uniform  but 
asymmetric  curve,  more  convex  in  the  posterior  portion  of  the  shell. 
A  distinct  marginal  border  or  fold  occurs  on  ]>oth  anterior  and  i)osterior 
ends,  the  former  being  the  stronger  and  best  defined.  It  is  well  flat- 
tened, with  the  margin  sometimes  slightly  elevated.  Ocular  tubercle 
about  a  third  the  length  of  the  carapace  from  the  anterior  end  and 
about  a  fourth  of  the  height  below  the  dorsal  margin.  The  longitudinal 
contour  is  a  flattened  curve,  rather  more  convex  in  the  anterior  third 
and  becoming  abrupt  near  the  ends.  Dorso-ventral  contour  an  asym- 
metric curve,  flatter  near  the  hinge  line  and  abruptly  incurved  at  the 
ventral  border.  The  ventral  border  of  the  right  valve  overlaps  that  of 
the  left  valve,  which  is  abruptly  flattened. 

In  the  left  valve  occurs  a  strong,  elongated  fold  or  nodule,  situated 
just  below  the  hinge  line  in  the  posterior  half  of  the  carapace.  It  begins 
about  midway  of  the  length  of  the  hinge  line  and  extends  backward  to 
half  way  between  the  center  and  the  posterior  end,  thus  equaling  in 
length  about  a  fourth  of  the  hinge  line.  This  fold  is  accentuated  by 
an  abrupt  depression  of  the  valve  below  it,  the  fold  thus  becoming 
.strongly  pronounced  below,  but  grading  into  the  upper  slope  of  the 
valves.  This  fold  or  "  dorsal  hump "  is  wanting  in  the  right  valve. 
Surface  smooth.  A  perfect  right  valve  measures,:  liCngth,  11.5  milli- 
meters; height,  7.5  millimeters;  hinge,  9  millimeters;  greatest  con- 
vexity, 2.5  millimeters.  Another  measures  12  by  7  millimeters,  with 
hinge  line  8  millimeters  long.  Another  measures  11.5  by  6.5  millimeters. 
Three  left  valves  from  Williams ville  measure  respectively  10.5  by  5.5 
millimeters,  9.2  by  5  millimeters,  and  8.5  by  4.5  millimeters. 

Specimens  of  similar  form  occur,  according  to  Joiies,  in  the  black 
limestone  of  the  **  Scalent  group  "  of  Pennsylvania.  The  left  valve  has 
a  distinct  small  dorsal  hump,  the  right  valve  being  without  it. 

This  species  recalls  in  form  and  size  L.  jonesi  Hall  of  the  Coralline 
limestone- of  Schoharie.  No  dorsal  hump  has  been  described  or  figured 
for  this  species,  but  Jones  says :  * 

•Annuls  and  Mn^nzine  of  Natiiml  History,  Mh  series,  vol.  14,  p.  rwa. 
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"A  specimen  of  'L.  jonesi*  [from  the  Waterlinie  of  the  Lower  Helderberg]  in 
the  American  Museum  of  Natural  History  at  New  York  I  have  observed  to  have 
not  only  a  reticulate  muscle  spot  [characteristic  of  well  preserved  specimens  of  the 
species],  but  also  to  be  somewhat  gibbous  on  the  posteix)-dorsal  margin  of  the  left 
valve.** 

If  the  dorsal  hump  exists  in  L.jonesi,  another  link  is  established  in 
the  relationships  between  the  faunas  of  the  Coralline  limestone  and  the 
Manlius  limestone  of  Erie  county. 
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Explanation  of  Plates* 

Plate  21.— iTon/ttw  lAmettone  Fostils,  Erie  County,  Netv  York 
(  All  are  natural  size  except  figures  2a-h,  which  are  X  2 ) 

Pafce 

Figure  la-d,  CyathophyUum  hydraulicum  Simpson 364 

la.  Showing  slender  cylindrical  youthful  stages,  free  from  coetee.  i 

16.  A  normal  individual  with  the  young  stages  broken  away. 
Ic.  An  uncommonly  regular  individual,  showing  strong  cosUe. 
Id.  Calyx. 

(After  Simpson,  drawn  from  gutta-|)ercha  casts) 

FiGUKE  2a-6.  Spirifer  eriensU  Grabau 366  ! 

2a.  Pedicle  valve  X  2. 

26.  Brachial  valve  of  a  smaller  individual  X  2. 

Figure  3a-6.  Trochoceras  gebhardii  Hall 371 

8a.  Side  view,  showing  the  spire. 
36.  Umbilical  view. 


♦The  foMHilH  were  drawn  by  MIhh  Elvira  Wood»  inntructor  of  paleontology  in  the  Mas8fichu»ettb 
Iiisititnte  of  Teohnolofcy. 
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Plate  22. — Manliutt  Lime$(wie  FosniU,  JSri^  County^  Nev)  York 

( All  are  enlarged  X  2§  except  figure  16,  which  is  enlarxeil  X  3 J  ) 

PaK« 

Fkujrk  la-c.  OrihMftes  hydraulic^is  (Whitfield) 305 

hi.  View  of  the  brachial  valve,  with  the  hinge  area  of  the  pe<licle 

valve,  showing  deltidiam. 
\b.  View  of  the  same  from  above,  showing  hinge  areas  of  both 
valves,  the  strong  deltidium  of  the  pedicle  valve  and  the  bifid 
cardinal  process  and  band  like  chilidium  of  the  brachial  valve. 
(X3J.) 
Ic.  View  of  the  interior  of  a  smaller  pedicle  valve,  showing  cardinal 
teeth  and  dental  plates. 

(All  are  drawn  from  gutta-percha  casts) 

Figure  2o-d.    Wkitjieldella  nulcata  (Whitfield) 367 

2fl.  View  of  a  pedicle  valve,  showing  the  mesial  sinus.  The  spec- 
imen also  shows  old  age  characters.  The  shell  is  retained  in 
this  specimen. 

26.  Another  specimen  showing  brachial  valve  and  the  cardinal 
slopes  of  the  pedicle  valve.  The  foramen  and  delthyrium  are 
somewhat  imperfect. 

2c.  Lateral  view  of  a  specimen. 

2d.  Dorsal  (brachial)  view  of  the  same. 

(26-2d  are  drawn  from  gutta-percha  casts  and  are  slightly  re- 
stored) 

Figure  3a-6.   Whilfieldella  cf.  rolundata  (Whitfield)  368 

3a.  View  of  a  pedicle  valve,  the  shell  having  been  dissolved  and 

the  mold  of  the  exterior  impressed  on  that  of  the  interior. 
36.  Side  vi^w  of  same,  showing  position  of  dental  plates. 

Figure  4a-d.   WhiijUldeUa  cf.  hevis  (Whitfield) 369 

4a.  Internal  mold  of  pedicle  valve,  showing  impressions  of  dental 

plates. 
46.  Side  view  of  same. 
4c.  Cast  of  same  in  gutta-percha,  showing  cardinal  teeth  and  dental 

plates.     (The  drawing  is  foreshortened.) 
4<i.  Another  internal  mold  of  a  pedicle  valve,  showing  impressions 

of  dental  plates  and  median  septum. 

(4c  is  drawn  from  a  gutta-percha  cast) 
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Pnge 

FiGURB  5.  Loxontffia  /  8p 370 

An  internal  mold  in  the  rock  matrix. 

Figure  6a-d.  Leperditia  scalaris  Jones 371 

6a.  Left  valve,  ahowins:  ocalar  tubercle  and  dorsal  nodule. 
66.  A  smaller  left  'valve,  showing  an  additional  subcentral  tuber- 
cle (muBcle-spot  ? ). 
6c-d.  Two  right  valves,  showing  eye  tubercle  and  marginal  flattening. 
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Intuoduction 


In  Wyoming,  as  in  many  of  the  Rocky  Mountain  states,  there  has 
been  but  very  little  detailed  geological  work  done,  and  our  present  very 
limited  knowledge  is  largely  based  on  the  reports  of  the  early  reconnais- 
sance surveys.  Large  areas  remain  unknown  to  science  that  have  not 
been  mapped  or  approximately  described.  These  are  more  common 
than  is  generally  supposed^  and  often  contain  several  hundred  square 
miles.  One  of  these  areas  extends  from  the  Union  Pacific  railroad,  in 
Carbon  county,  north  to  the  Laramie  mountains,  and  from  the  North 
Platte  river  eastward  more  than  50  miles,  and  includes  the  great  dinosaur 
fields  that  have  recently  attracted  considerable  attention,  and  also  con- 
stitutes an  important  portion  of  the  territory  to  be  considered  in  this 
paper. 

LIV— Bum..  Gkoi..  Soc.  Am.,  Vol.   II,  1809  (377) 
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In  southeastern  Wyoming,  or  that  portion  of  the  state  lying  east  of 
the  South  Platte  river  and  south  of  the  Fremont,  Elkhorn  and  Missouri 
Valley  railroad,  the  J*ura.«sic  rocks  are  exposed  in  numerous  places. 

Early  Invkstigators 

« 

Doctor  Hayden  refers  to  the  Jurassic*  rocks  of  the  lAramie  moun- 
tains as  follows : 

**  Resting  above  the  Keii  beds  is  a  series  of  marls  and  arenaceous  marls  of  light 
or  ashen  j?ray  color,  with  harder  layers  of  limestone  or  fine  sandstone,  which  were 
also  first  discovered  around  the  margin  of  the  Black  hills  in  Dakota  in  1857.  Sincv 
the  discovery  in  the  Black  hills,  Jurassic  fossils  have  been  found  over  a  very  wide 
j^eosrraphical  area,  and  yet  I  have  never  seen  them  so  well  developed,  or  the  pecu- 
liar fossils  so  abundant,  as  at  the  locality  where  they  were  first  observed.  Although 
I  have  traced  this  Jurassic  belt  by  its  organic  remains  over  many  hundreds  of 
miles,  I  have  been  able  to  discover  scarcely  a  well  defined  Jurassic  fossil  south 
of  Deer  creek,  a  point  100  miles  north  of  Fort  Laramie  and  south  of  lake  Como  on 
the  Union  Pacific  railroad.*' 

The  Fortieth  Parallel  Survey  t  reported  Jurassic  rocks  on  theljaramie 
plains  as  follows : 

''Jurassic  rocks  occur  from  Red  Buttes  southward  to  Reil  lake,  usually  showing 
but  limited  outcrops,  and  those  confined  chiefly  to  the  calcareous  portions  of  the 
series.  Upon  the  summit  of  the  liigh  Triassic  plateau  southeast  of  Red  Buttes  are 
exposures,  about  200  feet  thick,  of  Jurassic  rocks,  the  summit  members  having 
been  eroded  oflf.  Beginning  at  the  top,  the  beds  are  as  follows :  A  sandstone  body 
100  feet  thick,  white  and  friable  at  the  top,  reddish  brown,  slightly  intercalated 
with  variegated  clays  and  marls  in  the  middle,  passing  downward  into  cream 
colored,  marly  sandstone ;  beneath  this  is  25  feet  of  l)luish  gray,  cherty  limestone, 
followed  by  75  feet  of  bluish  white  sandstone,  which  rests  upon  the  yellowish  red, 
croHs-l»edded  sandstones  of  the  top  of  the  Trias. 

**At  the  dome-like  quaquaversal  at  the  northern  edge  of  map  T,  near  the  lOHtli 
meridian,  at  Como,  the  easily  recognized  Dakota  sandstone  and  conglomerates 
overlie  a  series  of  Jurassic  rocks,  which  are  exposed  from  175  to  200  feet.  Passing 
downward  from  the  base  of  the  Dakota  Cretaceous,  the  Jurassic  rocks  consist  of 
first,  gray  clays  and  sandy  marls,  containing  a  great  many  gritty  particles  of  angular 
silicioussand ;  secondly,  creamy  marls,  with  thin,  sandy  layers;  thirdly,  bluish 
drab,  cherty  limestones ;  fourthly,  fine  ash  colored  marls,  with  thin  betls,  varyingin 
thickness,  of  light  colored  limestones  ;  fifthly,  gray  and  omnge  colored  marls,  with 


*  4 reologica.l  Survey  of  Wyoming  and  eontiguouH  territory,  187(»,  pp.  21,  22,  28.  See  also  Liemen- 
;uit<i.  K.  Wnrren  :  Preliminary  Report  of  ExplorntionR  in  Nebraska  Territory  and  Dakota,  18.V>- 
"'iG-'aT.  B.  1>.  Meek  and  F.  V.  Hayden:  Paleontology  of  the  upper  Missouri;  nnraeroun  n^fcr- 
enoeM  to  type  species  discovered  along  the  North  Platte  river,  especially  near  Ked  Butte. 

t<'larence  King:  Systematic  fieology,  Fortieth  Parallel  Survey,  1878,  pp.  280-287;  also  Cieolo*- 
irrtl  Survey  of  the  Territories,  F.  V.  Hayden,  18fi7-*r»u,  pp.  82,  8;»,  li:j ;  also  Geological  Surveyor 
Wyoming  aud  contiguous  territory,  ls7l»,  p.  VM. 
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coarse,  sandy  intercalations;  sixthly,  a  reddish  yellow  sandstone,  which  is  imine- 
fliately  sncceeded  by  a  brick  red,  compact  Handatone  of  the  Tria«.  In  the  marls, 
1)oth  above  and  below  the  limestones,  which  lie  a  little  alK)ve  the  middle  of  the 
.series,  occur  naraerous  Jurassic  forms,  amon^  them  the  following : 

'*PeHtacrinm  asleriscuA,  Belemniles  lUnmit,  Tancredia  vxirraiianaf  and  Trigoiiiu  fjiuul' 
rangiUarig.^* 

Since  the  days  of  Hayden  and  the  Fortieth  Parallel  Survey  nothing 
of  geological  importance  has  been  published  relative  to  this  portion  of 
Wyoming,  which  is  a  peculiar  combination  of  plains,  tablelands,  valleyjs, 
canyons,  hills,  and  mountains.  Unfortunately,  a  complete  description 
of  the  topographical  features  must  be  deferred  to  some  future  time,  and 
only  those  referred  to  that  are  directly  associated  with  the  Jurassic  ex- 
posures. 

Mountain  Rangks,  Folds,  and  Faults 

The  I>aramie  mountains,  the  longest  range,  extend  from  the  Colorado 
line  north  to  Laramie  peak,  and  thence  north  and  westward  to  the  North 
Platte  river.  Westward  from  the  Laramie  mountains,  across  the  Laramie 
plains,  are  the  Medicine  Bow  mountains,  which  are  the  northern  exten- 
sion of  the  Park  range,  nearly  paralleling  the  Laramie  mountains,  and 
are  found  as  far  north  as  Elk  mountain,  where  the  older  rocks  disappear 
beneath  the  more  recent.  In  the  western-central  })art  are  the  Shirley 
n)ountain8,  which  are  in  reality  the  Seminoe  mountains,  on  the  east  side 
of  the  North  Platte  river,  and  north  of  these  the  Indian  Grove  moun- 
tains, which  are  granite  peaks  scattered  along  the  east  side  of  the 
North  Platte  river,  as  far  nortli  as  the  Sweetwater  river.  Beside  tlie.se 
prominent  elevations  are  the  Freezeout  hills  east  of  the  Shirley  moun- 
tains and  the  Hartville  hills  north  of  Fort  liaramie.  There  are  also 
several  anticlinal  folds  and  some  faults  that  have  played  an  important 
part  in  exposing  Jurassic  bands.  South  and  east  of  the  Freezeout  hills 
are  four  anticlinal  folds  extending  northeast  and  southwest  or  at  a  right 
angle  to  the  Freezeout  uplift  and  other  orographic  movements  about  the 
Laramie  plains.  Singularly  enough  the  forces  making  these  folds  oper- 
ated from  the  southeast,  while  those  making  the  mountain  ranges  came 
from  the  west  and  south.  These  folds  are  only  a  few  miles  apart  and 
vary  from  8  to  20  miles  in  length.  They  may  hereafter  be  known  by  the 
following  names,  commencing  at  the  one  nearest  the  Freezeout  hills : 
Medicine,*  Como,t  Prager,!  and  Miser.g     Southwest  of  T^ramie  20  miles 

♦  Named  from  the  Medicine  Bow  river,  which  i«  in  this  vicinity. 
fThifi  has  been  referred  to  many  times*  hk  the  Como  uplift. 
I  Named  in  honor  of  Frank  Prager,  the  oldest  pioneer  in  tliin  r»'jci<»n. 
)5  Nam»»f!  from  Miser  siclinjc,  whii'h  it*  looateil  on  this  fold. 
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is  the  Hutton*  anticline,  which  is  a  spur-like  projection  from  the  Lar- 
amie mountains,  extending  northwest.  At  Alcova,  a  postoffice  on  the 
North  Platte  river  below  the  mouth  of  the  Sweetwater,  is  the  Fremont t 
fault,  which  is  very  extensive  and  is  the  source  of  the  Hot  springs  at  that 
point.  In  the  northeastern  corner  of  the  area  is  the  Sioux  J  fault,  where 
the  Jurassic  rocks  have  been  elevated  until  on  a  level  with  the  Miocene 
Tertiary.  At  Red  mountain,  at  the  southern  end  of  the  I^aramie  plains, 
the  Red  Mountain  fault  has  disturbed  the  Jurassic. 

Distribution  of  Jurassic  Rocks 

The  distribution  of  the  Jurassic  rocks  conforms  very  closely  to  the 
disturbances  just  described.  They  occur  in  narrow  bands  flanking  the 
mountain  ranges,  encircling  the  anticlinal  folds,  and  as  isolated  areas 
along  faults.  In  some  instances  the  Miocene  rocks  have  entirely  ob- 
scured many  miles  of  the  older  sedimentaries  flanking  the  ranges.  On 
the  eastern  slope  of  the  I^aramie  mountains  from  the  Colorado  line  as 
far  north  as  Horseshoe  creek  the  Miocene  originally  covered  nearly  all 
of  Mesozoic  and  Paleozoic  strata. 

Jurassic  rocks  are  not  known  within  the  above  limits,  but  may  be 
found  in  some  of  the  valleys  which  have  suflered  great  denudation,  s& 
Horse  creek  and  Chugwater  creek.  Triassic  sandstones  are  exposed  in 
these  valleys  at  the  foot  of  the  mountains.  From  Horseshoe  creek  the 
Jurassic  bands  can  be  traced  along  the  northern  flank  of  the  Laramie 
mountains  to  the  Platte  river  to  a  point  8  or  10  miles  west  of  Casper, 
and  in  all  probability  there  are  some  exposures  paralleling  this  range 
north  of  Laramie  peak  which  have  been  caused  by  a  slight  secondary 
fold.  Along  the  western  sloi)e  of  the  Laramie  mountains  the  Jurassic 
bands  extend  north  and  northwest  to  a  point  a  few  miles  beyond  Sheep 
creek,  where  they  disappear  beneath  the  Tertiary.  Likewise,  after  fol- 
lowing the  irregular  outline  of  the  ejistern  and  northern  slopes  of  the 
Medicine  Bow  mountains,  this  series  disappears  several*  miles  southwest 
of  Elk  mountain  beneath  more  recent  formations.  They  are  likewij^e 
buried  on  the  north  side  of  the  Shirley  mountains,  and  the  exposures 
near  the  Fremont  and  Sioux  faults  disappear  in  both  directions  beneath 
the  Miocene.  The  remaining  exposures  are  to  some  extent  covered  with 
debris  and  soil,  but  are  often  seen  rising  in  the  abrui)t  bluffs  with  steep 
slopes  and  capped  with  Dakota  sandstone  and  conglomerate.  Within 
this  area  there  are  not  less  than  450  linear  miles  of  exposure. 


♦  NHnied  fnmi  Hiitioi)  lakt's,  wliicliure  in  lhi.«  vioinity. 

}•  Niunoil  in  imtuir  »»f  Fremont,  who  tirnl  iIcm  rihcil  ilu*  hot  Hpijugw  tlowiuje  I'nmi  thi^  I'auli. 

{  Nann'ij  art«'rthf  Sioux  niition. 
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To  illustrate  the  lithological  characters  of  these  beds  three  sections 
have  been  selected  from  widely  separated  localities. 

Sioux  Fault  Section 

The  first  one  is  the  Sioux  Fault  section,  which  is  the  farthest  east  of 
the  eastern  Jurassic  exposures,  with  the  exception  of  the  Black  hills : 

CRETACBOU8  I 

Dakota  conglomerate  and  sandstone. 
Jurassic  : 

Feet 

1.  Variegated  marls  and  days  shading  from  yellow  to  dark  maroon, 

with  dinosaurian  remains  38J 

2.  Calcareous  sandstone  2 

3.  Blaish  and  yellowish  marls,  containing  Brontasaunis  at  top  and 

Morosaurus  at  base 22} 

4.  Drab  calcareous  sandstone 1 } 

5.  Light  colored  clays  and  marls,  with  thin  bands  of  sandstone 24 

6.  Clays  and  marls  varying  from  light  gray  to  brown 23} 

7.  Hard  band  of  light  gray  clay 4} 

8.  Drab  and  greenish  clays 22J 

9.  Drab  sandstone    2 

10.  Yellow,  greenish,  and  light  brown  marls  shading  into  maroon  in 

the  upper  portion 38} 

11.  Gray  sandstones 3 

12.  Bluish  gray  clay 4 

13.  Bluish  and  drab  clays  interst ratified  with  yellowish  bands 38} 

Total  thickness  of  Freshwater  beds 22tf 

14.  Variegated  clays  and  marls  with  bands  of  sandstone 43i 

15.  Yellowish  sandstone 8} 

16.  Dark  shale  beds  with  remains  of  Baptanodon,  Belemnites,  Ostrea, 

Tancredia,  Comtonectes,  and  a  few  Septeria 38} 

17.  Yellowish  sandstone 2} 

18.  Gray  sandstone 5} 

19.  Yellowish  sandstone  alternating  with  thin  clay  bands 6} 

20.  Thin  bedded  gray  sandstones  with  a  few  bands  of  clay 5i 

Total  thickness  of  Marine  series  exposed 118 

Triassic  not  exposed. 

Fkeezeout  Hili^  Section 
Cretaceous  : 

1.  Dakota  conglomerate. 
Jtrassic  : 

Feet 

2.  Drab  marls  and  clays  with  a  few  thin  bands  of  light  colored  sand-  - 

stone  containing  remains  of  Dinosaurs 55 
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Feet 

3.  Hard  clay  and  sand  con  tain  in);  freshwater  mollusks  and  crocodiles.  1) 
V        4.  Drab  marls  and  clays  with  a  few  bands  of  calcareous  sandstone 
with  remains  of  A  losaurus,  Diplodicus,  Brontosaurus,  Morosaums, 

and  Stegosaurus,  Ceratodus  and  Turtles 24J 

5.  Drab  marls  and  clays  with  thin  beds  of  soft  sandstone 46 

6.  Yellowish  soft  sandstone  with  cycads  and  petrified  wood 10 

7.  Brown  sandstone,  cross-bedded 2 

8.  Drab  shales,  clays,  and  marls ; 70 

9.  Greenish  sandstone 4 

Total  Freshwater  beds 211 

10.  Reddish  and  brown  shales  and  clays 40 

11.  Dark  fossiliferous  limestone  with  Oamptonectes  and  Ostrea 2 

12.  Greenish  shales  with  dark  bands  of  clay  and  sandstone,  with  clay 

containing  concretions  of  limestone,  rich  in  fossils.  Fossils  pres- 
ent: Belemnites,  Pentacrinus,  Astarta,  Grammatodon,  Ostrea, 
Pseudomonotis,  Plenromia,  Pinna,  Lima,  Megalneusaurus,  Bap- 
tanodon,  and  Plesiosaurus bO 

13.  Gray  sandstone 4 

14.  Red  and  brown  shales  with  concretions  and  a  few  fossils 44 

15.  White  sandstone  with  upper  band  containing  fossils 30 

Total  Marine  beds 179 

Triashtc:  Red  sandstone. 

Red  Mountain  Section 
Crrtackous : 

Dakota  removed  but  present  in  most  instances. 
Jurassic  : 

1.  Drab  marls  and  clay  with  two  thin  bands  of  limestone  and  one  of 

chert  and  chalcedony  with  Dinosaur  remains  35 

2.  Drab  limestone 2 

3.  Variegated  marls  with  Dinosaur  remains 3S 

4.  Gray  limestone I 

5.  Drab  marls  and  clays 3y 

6.  Gray  sandstone 6 

7.  Drab  marls  and  clays 159 

8.  Gray  sandstone  and  some  conglomerate 20 

9.  Drab  and  red  maris  and  clays  25 

Total,  all  freshwater  deposits 235 

Sandstones  are  usually  calcareous.    Thin-section  rests  on  the  Triassic  red  sand- 
stone. 

Correlation  of  the  Sections 

The  upper  portions  of  the  Sioux  fault  and  Freezeout  sections  bear  a 
marked  resemblance  to  the  entire  Red  Mountain  section.    So  far  as  known, 
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these  are  freshwater  beds  containing  an  abundance  of  dinosaur  life,  a  few 
fishes,  turtles,  and  crocodiles,  together  with  the  cycads  and  petrified  wood. 
This  series  has  lon^  been  called  the  Freshwater  Jurassic  and,  by  the  late 
Professor  Marsh,  Atlantosaurus  beds.  Various  opinions  have  been  held 
as  to  the  exact  position  these  should  be  referred  to,  but  it  has  usually 
been  conceded  that  they  are  Jurassic.  Professor  Scott  a  few  years  ago 
conditionally  referred  them  to  the  Lower  Cretaceous,  but  in  a  recent 
letter  to  me  considered  them  Jurassic. 

The  lower  half  of  the  Sioux  fault  and  Freezeout  sections  is  also  very 
similar,  and  had  the  fauna  of  the  two  localities  been  carefully  collected 
the  similarity  would  be  more  marked.  These  beds  are  marine  and  con- 
tain a  fauna  of  both  vertebrate  and  invertebrate,  many  species  of  which 
are  new  to  science  and  have  not  been  described.  They  have  been  called 
the  marine  Jurassic  and  also  designated  as  the  Baptanodon  beds ;  *  a 
better  term  would  have  been  Belemnites  beds.  The  Marine  series  were 
not  found  at  Red  mountain. 

Grouping  of  the  Jurassic 

its  divisions 

In  grouping  the  Eastern  Rocky  Mountain  Jurassic  there  are  but  two 
dist^inct  divisions  to  consider,  although  there  are  local  and  unimportant 
developments  between  the  two  stages.  In  the  Freezeout  hills  there  are 
great  lenses  of  white  sandstone  that  sometimes  attain  a  thickness  of  25 
or  more  feet. 

COMO  STAGE  AND  ITS  FOSSILS 

The  freshwater  beds  have  already  been  named  the  Com o  stage  by  Pro- 
fessor Scottf  This  stage  may  be  defined  as  follows :  A  formation  that 
is  beneath  the  sahdstone  and  conglomerates  of  the  Dakota  stage  and  is 
composed  of  marls,  clays,  and  sandstones,  the  marls  and  clays  varying 
in  color  from  drab  to  maroon  with  occasional  yellowish  bands.  These 
are  separated  by  thin  bands  of  light  colored  sandstone  and  limestone  and 
occasionally  there  are  bands  of  calcareous  sandstone  containing  chert 
and  chalcedony.  Usually  the  Como  stage  is  about  200  feet  in  thickness, 
sometimes  attaining  250  feet  and  decreasing  to  150  feet.  Associated  with 
the  marl  beds  arethe  following  fossils: 

•  See  Mar^h  :  Am.  Jour.  Sei.,  vol.  xvii,  187»,  p.  86.    SatirAnodon  being  preocpupied  wr»  replftced* 
with  Baptanodon. 
t  S*»e  W.  B.  Soott :  Introduction  to  Geology,  p.  477,  footnote. 
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Vertbbratrs 


CeriUodus  rohtutw,  Knight.  Ceratodwi  giuaheri,  Mareli. 

Ceratodus  americanus^  Kniglit. 

KBPTILHB 

The  following;  reptiles  are  most  common,  though  many  more  have  been  reported : 

Dinosaurs* 

Broniosaurus  exceUus,  Marsh.  SUgosaurus  ungvktlus,  Marsli. 

MorosauTus  grandis,  Marsh.  Camptosaurxut  dispar,  Marsh. 

AUosaurus  fragilis.  Marsh.  Laosaur us  gracilis ,  Marsh. 

Coelurus  fragilis.  Marsh.  Diplodocus  longus.  Marsh. 

Marsh's  names  only  have  been  used  in  reference  to  Dinosaurs,  bnt  without  ques- 
tion the  work  of  Cope  deserves  a  place  and  will  receive  attention  as  soon  as  the 
synonymy  has  been  worked  out. 

Crocodiles 

Crocodiles  have  been  found  in  numerous  places,  but  few  of  the  remains  have 
been  studied. 

Ooniopholis  feliXj  Marsh. 

Turtles 
Compremys  plicattiluSf  Cope.  Glytops  omcUus, 

The  genus  Trionyx  is  known,  and  possibly  there  are  several  species. 

MAMMALS 

AUodon  laticeps,  Marsh.  Stylacodon  gracilis,  Marsh. 

AllodonfortiSf  Marsh.  Stylacodon  validus.  Marsh. 

DryoUstes  arcvudus.  Marsh.  Enneodon  crassus,  Marsh. 

Dryolesles  priscus,  Marsh.  Enneodon  affinis.  Marsh. 

Dryolestes  obtums,  Marsh.  Priacodon  ferox,  Mar^li. 

DryoUstes  gracilis.  Marsh.  Tinodon  beUus,  Marsh. 

Dryolestes  vorax;  Marsh.  Tinodon  robustus,  Marsh. 

Menacodon  rarus.  Marsh.  l\nodon  lepidus.  Marsh. 

Clenacodon  nauns,  Marsh.  Diplocynodon  fictor,  Marsh. 

Clenacodon  serrcUus,  Marsh.  Paurodon  valens,  Marsh. 

Clenacodon  potens,  Marsh.  Triconodon  bisiilcus,  Marsh. 

Docodon  striaius,  Marsh.  Asthenodmi  segnis.  Marsh. 
Laodon  venustus.  Marsh. 

•  Some  25  or  more  species  of  DinoHaura  have  been  reported  from  the  Como  stage.  Many  of  thes^* 
have  been  established  upon  a  single  bone  or  at  most  a  few,  and  beyond  question  when  theanimaU 
are  better  known  the  number  will  be  greatly  reduced.  This  will  not  only  affect  species,  but  genera, 
and  beyond  question  higher  divisions.  Only  those  are  referred  to  that  appear  to  have  an  unque»- 
tionnblo  .standing. 
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Invertkbratj» 

Only  a  few  s|)ecie8  of  freshwater  invertebrates  are  known.  These  belong  to  the 
genera  Unio,  Planorbis,  and  allied  forms.  Many  of  these  fossils  are  new  to  sci- 
ence and  will  shortly  be  described  by  Doctor  E.  H.  Barbour. 

Plants 

CVCADS  * 

A  new  genus  repi^esented  by  20  new  si^ecies,  none  of  which  have  yet  been  pub- 
lished.   There  are  also  numerous  species  of  petrified  wood. 

EXTENT  OF  COMO  STAGE 

The  Corao  stage  is  quite  extensive,  its  northern  limit  being  in  Montana 
iind  its  southern  at  least  in  southern  Colorado.  These  beds  are  known 
in  the  Black  hills  and  as  far  west  as  the  109th  meridian. 

SHIRLEY  STAGE  AM)  ITS  FOSSILS 

The  marine  division  may  hereafter  be  known  as  the  Shirley  f  stage, 
which  is  composed  of  bands  of  shale,  limestone,  sandstone,  and  clay. 
The  limestones  are  usually  shaly.  The  limestone  beds  are  quite  thin, 
but  usually  ibssiliferous.  The  clays  and  shales  usually  contain  large 
concretions  which  contain  both  vertebrate  and  invertebrate  fossils. 
Septaria  are  common.  The  invertebrate  as  well  as  vertebrate  faunas 
are  only  partly  known.  This  has  been  largely  due  to  the  fact  that  the 
richest  fossil  localities  are  where  the  concretions  are  well  developed,  and 
until  recently  not  many  of  these  were  known. 

Invertebrates 

Some  of  the  important  invertebrate  species  i  that  mark  this  stage  are 

Lhigula  breviroslriSy  M.  &  H.  Tanrredia  cf.  exiensa^  White. 

Oflrea  engelmanni,  Meek.  Tancredia  tvarrtiiamiy  M.  &  H. 

Lhna  sp.  Pholodoviya  kingi.  Meek. 

Lima  n.  sp.  Thracia  weedi,  Stanton. 

C&mpionectes  ejcLen^uUa,  M.  <&  H.  Pleuromya  sp. 


•  It  is  only  recently  that  cyeads  Imve  been  found  in  unqiieHiionable  Jurassic  rocks  in  Annerica, 
and  this  first  discovery  was  made  in  the  Freezeout  hills  during  the  summer  of  18«8  by  a  party  of 
the  University  of  Wyoming.  The  collection  made  wan  not  large,  but  has  been  placed  in  Doctor 
Ward's  hands,  of  the  Tnited  States  Geological  Survoy,  for  study,  and  he  has  already  reported  that 
he  has  found  in  the  collection  one  new  genus  and  twenty  new  species  of  cycads. 

t  Name  taken  from  the  Shirley  mountains,  on  the  south  side  of  which  this  formation  U  very  well 
developed. 

t  I  am  indebted  to  l>octorT.  W.  Stanton,  of  the  Vnited  States  Geological  Survey,  for  the  ideu- 
titication  of  the  greater  portion  of  this  list. 

LV— Bum..  Gkoi..  Soc.  Am.,  Vol.  11,  IHW) 
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ComptonecUB  sp. 

CompUniecUs  beUitlriata,  Meek. 

P»eudomonoti$  curta^  Hall. 

PieudomonotitorbictUataf  Whitfield. 

Modiola  sp. 

Pinna  sp.    • 

Grammaiodon  inornatiu,  M.  &  H. 

AalaHa  petekardij  White. 

i4«tarto,  8p. 

I'ancredia  cf.  inomataf  (M.  &  H.) 

•  Whitfield. 


Pleuromya  aubcompressa^  Meek. 
Goniomya  moiUanaenhis^  Meek. 
BeUmnUe9  densus,  M.  &  H. 
Cardi€fcer{u  cardif&rmis,  M.  &  H. 
CardioceroBcardiformutf  var.  didaiWf 

Whitfield. 
Cardiocera8  ep. 
Cardiocerasf  sp. 
PiCTUocrintM  cwteriactw,*  M.  &  H. 
Gryphsea  nebroKenm,  M.  &  H. 
DenUUium  mbquadraitui,  Meek. 


Vrrtkbratbs 

But  few  vertebrates  have  been  found  in  this  stage,  and  Baptanodon  is  the  most 
common.    The  following  species  of  Wyoming  reptiles  have  been  reported  : 

Baptanodon  discus^  Marsh.  Megalrwusaurus  rex,  Knight. 

Baptanodon  natimB,  Marsh. 

In  the  collection  of  thci  University  of  Wyoming  there  are  two  new  Plesioeaurs 
which  have  not  been  described  and  an  Inclithyosaur  which  resembles  the  genus 
Ichthysaurus  of  Europe,  it  being  very  much  lai^r  than  Baptanodon.  The  Plesio- 
saurs  are  small  and  appear  to  resemble  Liassic  forms  of  Europe. 

The  Jurassic  fishes  recently  discovered  in  the  Black  hills  by  N.  H.  Darton  and 
<lescribed  by  Doctor  C.  K.  Eastman  in  all  ])robability  belong  to  the  Shirley  stage. 
These  si>ecie8  are 


Pkolidophonig  americantUf  Eastman. 


AmiopBiH  dfirtonif  Eastman. 


Doctor  Eastman, t  in  describing  P,  amerwanuSf  says  **  that  it  is  not  far  removed 
from  /*.  Ucfiei,  Agassiz,  from  the  lower  Lias.'' 


EXTENT  OF  SHIRLEY  STAGE 

The  Shirley  stage  varies  in  thickness  from  a  few  to  nearly  200  feet, 
and  thickens  in  its  north  and  western  extension  from  southea.Htern 
Wyoming.  The  limits  of  this  stage  are  not  as  well  known  as  the  Come, 
but  extends  from  the  Miser  anticlinal  north  and  eastward  to  the  Black 
hills  and  to  the  westward.  It  is  possible  that  the  Ellis  stage  of  the 
Yellowstone  park  may  he  in  part  the  Shirley.  Since  the  Shirley  stage 
is  not  known  in  southern  Wyoming  and  northern  Colorado,  it  is  evi- 
dent that  tiie  Triassic  had  been  elevated  above  the  sea  during  the  depo- 
sition of  this  series,  and  that  it  was  again  submerged  at  the  cominence- 


♦  i)nly  IttMt  Hiiiiinii;!'  I  di«euver»»d  the  head  of  Prntaerinun  (uteri^eus.  This  species  waa  drwriUM 
from  its  foliimn  by  Profosnor  Me«*k  in  IK'tH.  Until  the  prenent  diHCovery  nothing  of  the  hend  ha« 
bciMi  known.  ProfesKor  (lark,  of  John^  HopkinH,  will  nliortly  figure  And  de»»cn»)«  thin,  the  only 
Anioric'un  .JuraHHiu  PentaorinuH. 

fBnll.  ficol.  Soc.  .\m„  vol.  lo,  p,  4<)5. 
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ment  of  the  Como.    The  u  neon  form  abilities  formed  by  these  changes 
are  apparent,  but  have  not  been  detected. 

Thk  Jura  and  Jura-Trias 

Early  writers  *  on  Rocky  Mountain  geology  called  these  stages  Jurassic 
without  hesitation.  In  more  recent  years  a  fauna  was  discovered  in 
western  Wyoming  and  eastern  Idaho  which  was  supposed  to  be  a  mix- 
ture of  Jurassic  and  Triassic  types.  In  consequence  the  term  Jura-Trias  t 
was  introduced,  and  since  that  time  it  has  been  applied  alike  to  the  rocks 
of  the  eastern  Rocky  mountains  and  to  those  farther  west.  There  seems 
to  be  no  reasonable  ground  for  continuing  the  name  Jura-Trias  for  the 
eastern  Rocky  mountains,  for  the  Jurassic  rocks  are  easily  distinguished 
from  the  "  Red  beds,"  which  may  be  either  Permian  or  Triassic.  Litho- 
logically  they  favor  the  Triassic  and  should  be  so  considered  unless  a 
fauna  or  flora  should  prove  them  otherwise. 

Suggestions  as  to  Correlation 

The  correlation  of  these  stages  with  those  of  European  Jurassic  can 
not  be  satisfactorily  accomplished  until  more  is  known  of  the  American 
fauna.  Professor  Hyatt  J  has  already  suggested  that  the  Rocky  Moun- 
U\\n  Jurassic  corresponds  to  the  Upper  and  Middle  Jurassic  of  England, 
in  which  case  the  Como  would  equal  the  Oxfordian,  and  the  Shirley  the 
Oolites.  Tliere  can  be  no  mistake  in  assigning  the  Como  stage  to  the 
Upper  Jurassic,  but  it  seems  quite  possible  that  it  is  more  closely  allied 
to  the  Purbeckian  than  to  the  Oxfordian. 

The  Shirley  stage  presents  a  series  of  complications  which  renders  its 
correlation  with  the  foreign  Jurassic  an  impossibility  in  the  present  con- 
dition of  our  knowledge,  and  it  seems  quite  possible  that  there  is  no 
corresponding  member  in  Europe.  The  invertebrate  fauna  is  not  exten- 
sive, and  there  is  a  great  scarcity  of  Cephalopods,  which  are  the  leading 
horizon  indicators  of  Europe.  To  review  the  invertebrate  fauna,  it  seeniM 
quite  probable  that  this  stage  also  should  be  assigned  to  the  Upper 
Jurassic.  On  the  other  hand,  the  vertebrate  evidence  is  so  conflicting 
that  one  is  at  a  loss  to  suggest  a  corre8[>onding  stage.  For  instance,  two 
plesiosaurs  and  some  fishes  have  been  discovered  which  have  Liassic 


*8ee  Pttrly  writers,  Hftydon'H  report*  of  the  United  Sttitep  Geologicftl  Survey  of  tlie  Territories 
from  18B8  t<>  1876,  inclusive;  iilso  earlier  piipern  l>y  Meek  &  Huyden.  The  Forteith  Parallel  Survey 
Htid  all  literature  relating  tu  ihJN  formation  in  the  Koclcy  mount^inM  prior  to  1H7T. 

tSee  United  StateH  Geological  Survey  of  the  Territories  of  Idaho  and  Montana,  1877,  Hayden,  pp. 
3d9, 566,  55»-d61,  621-«'A,  6*25,  026,  628. 

tSee  Ball.  Geol.  Soc.  Am.,  vol.  3, 1802,  pp.  4<)n,  4lii. 
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characters.  The  AmeHcan  Ichthyosaurs,  so  far  as  known,  are  closely 
allied  to  the  European  Opthalmosaurus,*  which  is  Middle  Jurassic,  and 
the  great  Magalneusaurus  f  is  closely  related  to  the  English  Pliosaurus, 
which  is  Upper  Jurassic.  Tn  view  of  these  facts,  no  further  suggestion 
can  be  offered  at  this  time.  In  this,  as  in  other  stages,  harmony  should 
prevail  in  the  evidence  offered,  and  until  the  great  difference  can  be  re- 
moved it  must  suffice  to  call  the  Shirley  stage  Jurassic,  but  remember- 
ing that  the  bulk  of  evidence  offered  at  the  present  time  would  not  place 
it  higher  than  Middle  Jurassic. 

•  A.  H.  Woodward  :  *'  Vertebrate  Paleontology/*  p.  183. 
t  Am.  Jour.  Sci.,  vol.  v,  pp.  378-300. 
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Part  I. — Geologic  Structure  of  the  Complkx 

INTRODUCTORY 

The  igneous  rocks  of  Arkansas,  especially  those  of  Magnet  Cove, have 
become  classical  through  the  careful  and  detailed  .work  of  the  late  J.  F. 
Williams,  whose  volume*  is,  of  course,  well  known  to  all  petrographers. 
Study  of  his  work,  and  especially  of  the  map  which  he  gives,  led  me  to 
think  that  the  structure  of  the  mass  and  the  relationships  of  the  various 
rocks  were  not  such  as  were  briefly  indicated  by  him,  as  will  be  shown 
later,  but  that  the  complex  forms  an  excellent,  though  peculiar,  example 
of  a  highly  differentiated  mass  of  magma,  probably  a  laccolith,  the 
rocks  of  which  form  a  series  of  very  interesting  types. 

It  must  be  remembered  that  at  the  time  Williams  wrote  his  report 
the  notion  of  laccoliths  had  not  become  widely  accepted,  especially  in 
Germany,  where  he  had  studied.  Furthermore,  at  this  time  none  of  the 
most  striking  and  now  well  known  examples  of  differentiated  laecolithic 
masses  had  been  described.  Indeed,  the  idea  of  the  differentiation  of 
magmas  was  only  beginning  to  take  definite  shape,  the  classical  paper 
of  Rosenbusch  f  dating  from  1889,  the  work  of  Brogger  J  on  the  Christi- 
ania  region  appearing  in  1890,  and  that  of  Idding8§  in  1892.  It  is 
therefore  not  surprising,  and  does  not  detract  from  tlie  high  standard  of 
Williams'  work,  that  such  topics  are  omitted  frem  his  discussion,  and 
that  he  barely  refers  ||  to  the  differentiation  of  the  magmas. 

In  the  spring  of  1899  I  had  the  opportunity  of  spending  a  few  days 
at  Magnet  Cove.  While  the  results  did  not  come  up  to  my  expectations 
in  all  respects,  yet  my  observations  confirmed  me  in  my  idea,  and  they, 
with  the  material  collected,  enabled  me  to  examine  the  subject  on  ray 
own  account,  the 'results  of  which  study  I  now  purpose  to  give. 

The  descriptions  of  the  rocks  by  Williams  are  so  detailed  and  com- 
plete that  scarcely  anything  can  be  added  to  our  knowledge  of  them  in 
this  direction.  The  analyses  he  gives  are  numerous,  covering  most  of 
the  types,  and  are  satisfactory  in  most  cases ;  so  that  here  also  but  few 
additions  are  needed.  It  is  therefore  chiefly  with  the  structure  of  the 
mass  and  the  relations  of  the  various  rocks  that  we  shall  concern  our- 
selves, since  on  these  two  important  points  Williams  expressed  his 

*  J.  F.  Williams  :  "The  Igneous  RockH  of  Arkanwis."    Ann.  Ropt.  Geol.  Survr'y  of  Arkxiisfts  f»u 
IHM).    Little  Rock,  1891. 
t  RoHcnbuaeh,  In  Tsch.  Mln.  Pet.  Mitth.,  vol.  xi,  1889,  p.  144. 
X  W.  C.  BrOK«er,  in  Zeit.  Krynt.,  vol.  xvi,  189<). 
i.L  P.  IdrliiiKH,  in  Bull.  Phil.  Sao,  Wanh.,  vt)l.  xii,  1H*»2,  p.  IMi. 
J  Williiuns,  op.  (.-it.,  p.  :i 


GEOLOGIC   POSITION   AND  STRUCTURE   OF   MASS  391 

views  very  briefly,  and  it  is  in  these  respects  only  that  I  find  reason  to 
differ  with  him. 

A  rough  geological  map,  based  on  that  of  Williams,  is  given,  as  refer- 
ence to  it  is  necessary  for  proper  understanding  of  the  main  questions. 
It  only  gives  the  main  features  and  larger  areas,  with  some  of  the  dikes, 
while  the  contour  lines  have  been  omitted,  so  that  for  details  occasion- 
ally mentioned  the  reader  must  consult  the  original. 

GBOLOQIC  POSITION 

The  igneous  rocks  of  Magnet  Cove  are  situated  in  an  area  of  much 
folded  Carboniferous  shales  and  sandstones  south  of  the  Lower  Silurian 
area,  which  extends  from  Hot  Springs  to  Little  Rock,  and  on  the  south- 
eastern border  of  the  Ouachita  uplift.  It  is  surrounded  at  some  distance 
on  the  north,  east  and  south,  and  partly  on  the  west,  by  novaculite 
ridges  forming  part  of  the  peculiar  zigzags  described  by  Griswold.* 

The  comparatively  late  age  of  these  rocks  was  first  determined  by 
Brannert  and  confirmed  by  Griswold  J  atid  Williams.§  The  last  says : 
'*A11  the  igneous  rocks  are  younger  than  the  surrounding  Paleozoic  rocks 
and  have  forced  their  way  into  them.  They  were  formed  after  the  fold- 
ing and  bending  and  after  some  of  the  erosion  of  the  Paleozoic  rock  had 
been  accomplished,  probably  during  late  Cretaceous  times."  Branner 
has  lately  II  expressed  the  opinion  that  the  Arkansas  syenite  intrusions 
are  of  Tertiary  age.  It  is  only  necessary  to  say  that  my  observations 
fully  confirm  the  view  that  the  intrusions  were  subsequent  to  the  dis- 
turbance of  the  surrounding  Paleozoic  rocks,  and  also  Williams'  state- 
ment^ that  all  the  igneous  rocks  are  undoubtedly  intrusive  in  charac- 
ter, and  that  no  extrusive  flows  or  ash-beds  were  observed. 

STRUCTURE  OF  THE  MASS. 

Obstacles  to  observation, — Unfortunately,  the  conditions  are  far  from 
ideal  for  the  study  of  the  structure  and  of  the  relationships  of  the 
igneous  rocks  to  each  other  and  to  the  surrounding  sedimentaries.  The 
greater  part  of  the  area,  especially  the  annular  **  Ridge  "  and  the  igneous 
patches  elsewhere,  is  densely  wooded  and  covered  deeply  with  leaves 
and  soil,  while  in  the  **  Cove  "  basin,  most  of  which  is  under  cultivation, 
the  accumulation  of  detritus  and  the  products  of  decomposition  of  the 

•L.  S.  Griswold:  Novaculites  of  Arkannafi.  Ann.  Kept.  Geol.  Survey  of  ArkanmiM  for  1890,  vol. 
iii,  chap.  xv.  • 

tJ.  C.  Branner,  in  Prot*.  Amer.  Ahp.  Atlv.  Sc  f,,  vol.  xxxvii,  188H,  p.  l«8. 
I  Grinwold  :  Op.  oit.,  p.  321. 
g  WiiliamH  :  Op.  cit.,  p.  342. 
I  Am.  Jour.  Sci.,  vol.  iv,  1807,  p.  305. 
t  Williamfi :  Op.  cit.,  p.  343. 
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basic  rocks  prevent  any  very  satisfactory  examination.  Railroad  c\i\» 
and  quarries  (except  the  Diamond  Jo)  are  not  to  be  found,  and  the 
streams  have  not  eroded  in  such  a  way  as  to  help  us  materially. 

The  difficulty  of  exact  determination  thus  arising  is  frequently  re- 
marked on  by  Williams,*  who,  on  this  account,  does  not  claim  great 
accuracy  in  the  details  of  his  map,  especially  in  the  dikes,  the  positions 
of  many  of  which  could  only  be  inferred  by  boulder  trains,  though  the 
main  areas  are  quite  certain. 

Williama^  views. — The  explanation  which  Williams  offers  of  the  re- 
lationships of  the  various  rocks  may  be  given  in  his  own  words,t  a  few 
unimportant  phrases  being  omitted : 

"The  igneous  rocks  of  Magnet  Cove  are  divided  into  three  genetically  diBtinct 
groups,  whose  structure  and  mode  of  occurrence  show  that  they  were  formed  dur- 
ing three  distinct  periods  of  igneous  activity.  The  oldest  of  these  consist  of  the 
basic,  eleoli tic,  abyssal  rocks  which  constitute  a  laiige  part  of  tlie  interior  Cove 
basin.  The  large  masses  of  these  rocks  are  holocrystalline  granitic  in  their  struct- 
ure and  were  cooled  slowly  and  under  pressure.  During  the  next  period  the  rock 
in  and  about  the  Gove,  which  had  been  disturbed  and  heated  by  the  intrusion  of 
tlie  masses  of  abyssal  rocks,  cooled  and  cracks  opened  in  all  directions.  These 
cracks  are  filled  with  monchiquitic  rocks.  Tlie  third  and  last  period  of  activity  is 
that  in  which  the  eleolitic  and  leucitic  rocks  of  the  *'  Cove  ring  "  were  formed,  and 
during  which  the  numerous  tinguaitic  dikes  of  all  varieties  were  intruded.  The 
rocks  of  this  period  are  all  of  an  intrusive  character,  a  fact  which  is  shown  by  their 
structure  and  mode  of  occurrence.  These  youngest  rocks  cut  both  the  abyssal 
rocks  and  the  dikes  of  monchiquite,  and  are  therefore  younger  than  either  of  these 
groups." 

The  facts  observed  in  the  field  and  in  the  laboratory  do  not  seem  to 
me  to  bear  out  this  idea  of  three  genetically  distinct  groups  of  rocks 
and  three  distinct  periods  of  intrusion.  On  the  contrary,  they  point 
rather  to  the  view  that  the  rocks  are  all  genetically  connected,  and  that 
the  mass  as  a  whole  is  probably  a  laccolith,  and  was,  at  any  rate,  formed 
by  a  single  intrusion  of  magma,  which  differentiation  has  split  up  into 
two  main  groups  of  central,  basic,  ijolitic  rocks,  and  peripheral,  less  basic, 
syenites,  the  monchiquitic  and  tinguaitic  dikes  being  both  contempora- 
neous and  subsequent  injections  of  these  differentiates  into  the  cracked 
cover  and  cooled  igneous  mass  and  surrounding  rocks. 

Fonn  of  the  area, — The  igneous  area  has  an  approximately  circular  or 
rather  broadly  elliptical  shape,  the  two  axes  measuring  about  5  and  3 
kilometers,  the  direction  of  the  major  axis  being  about  west-northwest 
by  east-southeast.     The  central  portion  or  "  Cove  basin  "  is  low— from 

•  Williftms  :  Op.  oit.,  pp.  17.3-201  passim, 
t  Williams :  Op.  cit.,  p.  342. 
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330  to  420  meters  above  the  sea.  This  part  is  largely  covered  with  allu- 
vial deposits.  Surrounding  this  and  generally  concentric  with  the  outline 
of  the  area  is  the  **  Ridge,"  which  reaches  an  elevation  of  660  meters  on 
the  west,  590  on  the  south,  and  570  on  the  east.  On  the  north  it  is 
lower,  being  cut  through  by  Cove  creek.  This  ridge  slopes  down,  occa- 
sionally steeply,  to  the  surrounding  shales.  The  cove  is  drained  by 
Cove  creek,  which,  cutting  through  at  the  north,  flows  through  the  west- 
ern part  of  the  basin,  cuts  the  ridge  again  at  the  southwest,  in  a  narrow 
valley,  and  goes  off  to  the  south.  A  small  stream,  known  as  Stone 
Quarry  creek,  flows  south  in  the  outer  part  of  the  igneous  area. 

Outside  of  the  main  igneous  area  occurrences  of  igneous  rock  of  any 
'size  are  rare.  There  is  a  small  patch  of  '*  basic  eleolite  syenite,"  which 
lies  just  northeast  of  the  main  mass.  A  large  number  of  dikes,  mostly 
small,  are  found  in  the  surrounding  shales  and  novaculites,  as  well  as 
in  the  main  area.  These  have  in  general,  but  by  no  means  always,  a 
more  or  less  east-and-west  trend.  The  rocks  immediately  about  the 
mass  are  shales  and  sandstones,  while  beyond  these  are  the  novaculite 
ridges. 

ReUUion  to  surrounding  shtdea. — These  shales  are  very  much  folded,  the 
disturbance  having  taken  place  prior  to  the  igneous  intrusion.  The 
conditions  therefore  are  not  favorable  for  the  observation  of  one  of  the 
most  characteristic  features  of  a  laccolith,  namely,  the  upbending  of  the 
surrounding  strata  on  all  sides  by  the  magma.  Notwithstanding  this, 
evidences  of  such  upturning  have  been  observed  at  several  places,  both 
by  Williams  and  myself.  The  best  of  these  is  the  contact  shown  at 
Diamond  Jo  quarry,  described  and  figured  by  Williams.*  This,  by  the 
way,  is  still  preserved.  The  shales  here  have  been  bent  upward;  dip- 
ping about  55  degrees  to  the  south,  and  are  highly  metamorphosed  at 
the  contact. 

Other  places  in  which  similar  relations  have  been  observed  by  Wil- 
liams or  myself  are  near  the  mouth  of  Neusch's  gully,  another  point  a 
little  farther  up  Cove  creek,  near  J.  M.  Henry  number  5,  and  near  D.  R. 
Rutherford  number  2.  At  none  of  these,  however,  is  the  bending  up  of 
the  Hhales  as  well  shown  tus  at  Diamond  Jo  quarry,  though  at  each  the 
dip  of  the  upturned  strata  is  in  a  general  way  away  from  the  igneous 
com  pfex — that  is,  quaquaversal. 

The  surrounding  shales  are  highly  metamorphosed  at  or  near  the  con- 
tact where  this  is  visible,  as  has  been  described  by  Williams.  Similarly 
the  sandstone  near  W.  W.  Brown,  at  the  extreme  west  end  of  the  area, 
is  reddened,  baked,  and  much  shattered. 

•  Wlllittms  :  Op.  cit.,  p.  29»,  pU  18. 
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TTu  '"^Ridge,^^ — Apart  from  the  surrounding  shales  and  sandstones,  there 
is  seen  within  the  igneous  area  itself  a  horseshoe  of  what  Williams  calls 
homstone,  or  metamorphosed  rock.  This  is  either  dark  or  almost  white, 
from  rather  coarse  grained  to  aphanttic,  often  showing,  apparently,  traces 
of  stratification,  and  in  most  cases  is  evidently  a  highly  metamorphosed 
shale.  This  view  is  substantiated  by  microscopic  study  of  the  specimens 
of  these  and  of  the  shales  at  the  contact  in  Diamond  Jo  quarry  which  I 
collected.  An  important  feature  of  the  occurrence  of  these  homstones 
is  that  they  occupy  the  highest  parts  of  the  southern  ridge,  extending 
also  around  to  the  northeast  over  the  succession  of  hills  north  of  the 
basin.  They  are  also  found  in  thin  strips  on  the  northwest  inside  the 
syenite,  and  bands  of  them  are  seen  crossing  the  leucite-syenite  south  of 
the  main  ridge.  In  every  case  these  homstones  overlie,  as  far  as  can  be 
ascertained,  the  contiguous  igneous  rocks,  which  have  in  places  broken 
up  through  them.  I  could  find  no  place  along  the  **  Ridge  "  where  this 
relation  was  absolutely  proved,  but  a  pretty  thorough  examination,  to- 
gether with  consideration  of  the  topographic  relations  and  the  presence 
of  dikes,  left  no  doubt  in  my  mind  that  the  ''  hornstone  "  overlies  the 
igneous  rocks. 

Arrangemenl  of  the  igneous  rocks. — A  most  important  and  suggestive 
feature  is  the  arrangement  of  the  various  igneous  rocks.  Although  in 
places  hidden  by  alluvium  and  forest,  yet  the  exposures  are  quite  suffi- 
cient to  show  the  main  features  with  clearness  and  certainty.  The  four 
main  types  of  abyssal  rock  are  seen  to  occur  in  zones  concentric  about 
a  center  and  with  the  borders  of  the  area.  At  the  center,  in  the  Cove, 
we  find  the  coarse  grained,  very  basic  "  eleolite-mica-syeuite  (Cove  ty i)e) " 
with  a  central  patch  of  soil  full  of  masses  of  magnetite  and  decomposed 
biotite.  Williams  suggests  that  this  patch  of  "  magnetite  "  is  derived 
from  the  decomposition  of  a  rock  more  basic  than  the  light  Cove  ty|>e 
and  approximating  to  the  dark  Cove  type  found  just  outside  the  main 
area  to  the  northeast.  This  seems  very  probable,  and  in  the  discussion 
I  have  assumed  it  to  be  true. 

Surrounding  this  on  the  east,  south,  and  west  is  a  zone  of  somewhat 
less  basic  and  rather  finer  grained  ijolite  (eleolite-garnet-syenite,  Ridge 
type).*  This  is  not  seen  on  the  north,  except  for  a  small  patch,  but  we 
can  scarcely  doubt  that  it  encircles  the  other  here  also,  though  covered 
by  alluvium.     It  is  also  met  with  beneath  the  hill  of  kalksinter  in  the 

♦There  is  a  serlouH  error  in  the  legend  of  Williams'  map.  The  deHignations  "Magnetite"  «nd 
**  Eleolite-garnet«fiyenite  (Ridge  type)  "  opposite  the  necond  and  third  eolor  nquaren  »»houl4he  in- 
terchanged. An  area  in  the  northeast  whi<;h  Williamn  colors  an  ijolite  I  found  to  bo  a  fuyait«,  and 
have  so  given  it  in  my  map.    The  roistHke  was  undoubtedly  the  printer's. 
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basin,  together  with  syenite  of  the  "  Cove*  type,"  though  the  relations 
between  the  two  are  not  quite  clear. 

Surrounding  the  ijolite  zone,  and  lying  above  it,  is  a  somewhat  irreg- 
ular zone  of  metamorphosed  rock  (hornstone)  which  occupies  the  sum- 
mit of  the  ridge,  as  already  mentioned.  Surrounding  this  hornstone 
zone,  all  round  the  Cove,  except  at  the  west  where  it  lies  inside  this,  is 
a  broad  zone  of  leucite-porphyry  which  is  fine  grained  and  porphyritic. 
This  is  apt  to  be  mingled  in  places  in  a  confusing  way  with  tinguaites 
and  the  nepheline-syenites,  especially  the  "  fine  grained  variety."  The 
tinguaites,  however,  are  quite  subordinate  in  amount,  and  scarcely  in- 
terfere with  the  general  arrangement. 

Along  the  edges  of  the  igneous  area  at  various  points  are  found  small 
patches  and  large  strips  of  nepheline-syenite.  This  is  either  a  rather 
coarse  grained  foyaite*  (Diamond  Jo  type)  or  a  fine  grained  shonkinitic 
syenite.  The  small  patches  at  the  extreme  periphery  are  of  foyaite,  and 
a  strip  of  this  is  also  seen  at  the  border  of  the  western  side,  while  patches 
are  noticed  in  the  surrounding  shales.  The  shonkinitic  syenite  forms  a 
large  strip  on  the  west,  with  the  Diamond  Jo  type  beyond  (outside)  it ; 
is  also  met  with  along  Cove  creek  and  apparently  above  the  leucite- 
syenite  at  the  northeast,  and  also  as  a  rather  large  patch  in  the  south- 
eastern part.  In  Diamond  Jo  quarry  the  foyaite  shows  a  distinct  system 
of  joint  planes  dipping  about  80  degrees  southwest  and  splitting  it  into 
thick  plates.  It  is  true  that,  as  Williams  says,  the  relationship  of  these 
types  to  the  leucite-porphyry  is  most  confusing,  and  that  the  two  tend  to 
commingle,  but  the  evidence  is  clear  that  the  foyaite  (Diamond  Jo  type) 
occupies  the  extreme  peripheral  i)osition  along  a  good  part  of  the  border, 
while  the  relations  of  the  *'  fine  grained  "  (shonkinitic)  syenite  to  the 
leucite-porphyry  are  uncertain,  though 'the  former  lies  apparently  out- 
side or  above  the  latter. 

Transition  forms, — In  general  it  is  impossible  to  say  whether  these 
various  types  are  sharply  separated  from  each  other  or  whether  they 
grade  into  each  other  through  transition  phases.  This  is  especially  true 
of  the  first  three,  the  contacts  between  them  being  quite  hidden,  though 
the  probabilities  are  that  the  divisions  are  not  sharp.  The  two  syenites 
certainly,  as  Williams  says,t  "  pass  into  one  another  without  showing 
any  line  of  separation  whatever." 

He  also  remarks  on  a  sort  of  flow  structure  seen  in  the  foyaite,  arguing 
therefrom  that  the  leucite-porphyry  cooled  first.  Judging  from  the  way 
in  which  the  two  commingle  and  from  the  confused  manner  in  which 

^  I  line  foyaite  throughout  this  paper  as  a  general  term  for  uepheline-Hyenite,  with  trarhytoid 
(Structure.    Of.  Brdgger,  Zeit.  Kryst.,  vol.  xvi,  1890.  p.  39. 
*  WilliamM :  Op.  cit.,  p.  5i77. 
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masses  of  tinguaite  are  mixed  with  them,  it  seems  highly  probable  that 
there  was  considerable  motion  in  the  outer  portion,  due  probably  to 
convection  currents.  This  was  after  differentiation  and  probably  before 
crystallization  had  set  in  to  any  great  extent,  since,  while  the  two  grade 
into  one  another,  the  transition  zone  seems  to  be  narrow,  and  leucite 
crystals  are  not  found  in  the  foyaite,  nor  large  orthoclase  crystals  in  the 
leucite- porphyry. 

RE8VMA  OF  BVJDBNCB 

All  the  foregoing  facts  are  in  favor  of  the  view  that  the  area  is  prob- 
ably a  section  of  a  laccolith,  and,  at  any  rate,  that  the  main  rock  types 
are  differentiates  in  situ  of  one  mass  of  magma.  For  convenience  they 
may  be  briefly  recapitulated  : 

1.  The  broadly  elliptical  shape  of  the  area,  surrounded  by  shales  and 
sandstones. 

2.  The  quaquaversal  upturning  and  the  metamorphism  of  the  con- 
tiguous shales  at  many  places  along  the  border. 

3.  The  existence  of  a  zone  of  what  is  apparently  highly  metamorphosed 
shale  along  the  highest  parts  of  the  ridge  and  elsewhere  on  the  outer 
slope,  representing  the  remains  of  the  original  cover. 

4.  A  platy  parting  approximately  parallel  to  the  walls,  which  has  been 
developed  in  places  in  the  foyaite. 

5.  The  serial  arrangement  of  the  various  igneous  rocks  from  the  center 
outward  and  concentric  with  the  general  border  of  the  igneous  area. 

6.  The,  on  the  whole,  regular  change  in  structure  and  size  of  grain 
from  the  center  to  the  periphery. 

ALTERNATIVE  HYPOTHESES 

Williams'  reasons  for  calling  the  syenites  '*  dike  rocks  "  are,*  as  far  a8 
I  can  understand,  the  evidence  of  flow  in  their  structure,  as  already 
noted,  and  the  porphyritic  structure  of  the  "  leucite-syenites  "  and  a  tend- 
ency to  trachytoid  structure  in  the  foyaites.  These  characters  are, 
however,  what  we  might  expect  to  find  in  the  rocks  at  the  borders  of 
such  a  mass,  since  convection  currents  would  be  more  likely  to  develop 
here,  and  the  border  magma  would  naturally  cool  more  quickly,  and 
hence  give  rise  to  such  structural  peculiarities.  It  must  also  be  remem- 
bered that ''  the  more  basic  a  magma  the  more  granular  and  the  coarser 
its  degree  oftrystallization.^t 

♦  Williftmf  :  Op.  i'it.,  p,  277. 

t  PirH8on  :   IHth  Ann.  Kept.  U.  S.  Cieol.  Survey,  part  iii,  1898,  p.  u7.-» ;  of.  IddingR :  12th  Ann.  Kept. 
U.  S.  Geol.  Survey,  1«92,  pp.  f.^fJ  nnd  645. 
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Other  objections  are  that  the  syenites  greatly  surpass  the  ijolites  in 
volume,  and  that  their  concentric  arrangement  about  the  center  is,  to 
the  best  of  my  knowledge,  quite  unparalleled  in  dikes  elsewhere  ;  also, 
according  to  Williams'  view,  we  should  expect  to  find  the  basic  syenites 
beneath  the  "hornstone  "  zone,  but,  on  the  contrary,  it  is  always  syenite, 
either  leucitic  or  nephelinic,  which  crops  out  through  this,  as  is  seen  on 
Williams'  map. 

The  few  instances  mentioned  by  Williams*  to  prove  that  the  syenites 
are  later  than  the  ijolites  and  the  monchiquitic  dikes  are  of  small  mo- 
ment and  not  conclusive,  since  they  are  just  as  easily  accounted  for  as 
last  injections  of  still  fluid  syenite  magma  in  the  cracked  complex. 

Apart  from  Williams'  view  of  two  distinct  periods  of  intrusion  (be- 
sides tbat  of  the  monchiquitic  dikes),  which  we  have  seen  to  be  unten- 
able, the  only  alternative  to  difierentiation  of  an  originally  homogeneous 
mass  which  occurs  to  me  is  the  "  osmotic  hypothesis"  of  Johnston-Lavis.f 
This  supposes  the  variation  in  composition  of  a  rock  mass  to  be  due  to 
interaction  of  the  magma  with  the  conduit  rock.  The  surrounding  rocks 
here,  as  far  as  we  know  them,  are  either  sandstones  or  the  more  abun- 
dant shales.  The  composition  of  a  similar  shale  from  Little  Rock  X  is 
given  here : 

SiO,  =  56.30,  Al A  =  23.39,  Fe,0,  =  9.29,  MgO  =  1.49,  CaO  =  0.36, 
Na,0  =  2.76,  K,0  =  1.36,  H,0  =  5.16,  FeS,  =  0.26 ;  sum  =  100.37. 

It  will  be  evident  later  that  these  shales  could  not  furnish  enough 
silica  and  alkalies  to  "  acidify  "  (feldspathize)  the  first  and  basic  part  of 
the  magma  in  a  way  corresponding  with  the  explanation  given  by  John- 
ston-Lavis  in  the  case  of  Square  Butte.§  Indeed,  any  such  explanation 
based  on  successive  upwellings  of  material  seems  to  be  quite  out  of  the 
question,  and,  inasmuch  as  such  shales,  or  else  sandstones  or  novacuHtes, 
form  all  the  country  rock  of  this  part  of  Arkansas,  Johnston-Lavis'  hy- 
pothesis must  be  regarded  as  untenable  here. 

Since  erosion  and  stream  action  have  not  cut  deeply  into  the  complex, 
we  have  no  knowledge  of  its  lower  part.  We  do  not  know  whether 
there  is  a  true  floor,  as  in  the  typical  laccolith,  or  whether  the  mass  of 
igneous  rock  extends  downward  for  an  indefinite  distance  as  a  stock. 
We  can  only  be  certain  from  the  contacts  at  the  borders  and  from  the 
presence  of  the  ridge  of  metamorphosed  rock  that  the  igneous  complex 
which  is  visible  is  the  uppermost  portion  of  a  mass.  For  this  reason 
any  section  would  be  largely  hypothetical,  so  none  is  attempted  here. 

*  Williams  :  Op.  cit.,  pp.  174, 188,  342. 

t  Johnston-Lavis  :  Nat.  Set.,  vol.  iv,  1894,  p.  134. 

X  Williams  :  Op.  cit.,  p.  263. 

2  JohDB ton-Lav ia  :  Report  Brit.  A.  A.  8.,  1896. 

lA'II— Bum..  Groi,.  Soo.  Am..  Vol.  11,  1899 
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The  presence  of  the  ^'  Ridge  ^'  of  homstone  forbids  the  assumption  of  a 
form  of  laccolith  such  as  those  figured  by  Cross  and  Pirsson,  of  consider- 
able regularity,  great  comparative  depth,  and  with  zones  of  approxi- 
mately uniform  thickness  throughout. 

This  difficulty,  however,  disappears  to  a  large  extent  if  we  assume  that 
the  mass  has  a  depth  very  small  as  compared  with  the  breadth — i.  ^,of 
the  shape  of  a  thick  disk.  In  a  mass  of  magma  of  such  a  form  the 
zones  produced  by  differentiation  would  be  thicker  near  the  edges,  while 
at  the  top  and  bottom  they  would  be  much  thinner  *  Such  a  thinning 
out  of  the  zones  above  would,  with  the  presence  of  the  overlying  soil, 
serve  to  explain  the  absence  of  any  of  the  syenitic  rocks  inside  the  hom- 
stone ridge.  This,  then,  may  be  regarded  provisionally  as  the  form  and 
structure  of  the  mass,  but  any  verification  of  this  hypothesis  is  for  the 
present  impossible. 

But  the  question  whether  the  mass  is  a  true  laccolith,  as  it  seems  to 
be,  or  a  stock  or  other  form  of  intrusive  mass,  is,  after  all,  of  secondary 
importance.  This  would  not,  so  far  as  we  know,  materially  affect  the 
processes  of  differentiation.  The  main  point  which  I  have  tried  to  bring 
out,  and  on  which  special  emphasis  is  laid,  is  that  the  various  abyssal 
igneous  rocks  are  integral  parts  of  one  mass,  and  that  they  are  of  contem- 
poraneous origin  and  not  due  to  successive  intrusions.  This  view  is  in- 
dicated with  great  probability,  if  not  conclusively,  by  the  facte  already 
given  J  but  belief  in  it  will  be  much  strengthened  by  the  petrographical 
and  chemical  details  to  be  mentioned  presently. 

Part  II. — Petrology  op  Magnet  Cove 

DESCRIPTION  OF  THE  MAIN  IGNEOUS  TYPES 

For  the  present  we  shall  deal  only  with  the  main  abyssal  t3'pes, 
leaving  the  rocks  which  form  the  small  dikes,  constituting  but  a  minute 
fraction  of  the  mass,  for  a  later  page. 

In  Table  I  are  given  analyses  of  the  six  main  rock  types,  four  of  them 
being  given  by  Williams  and  the  other  two  made  by  myself. 

The  first  of  these  (I)  is  of  the  foyaite  of  Pijiraond_jJp_a.Uftrty.  It  is 
very  light  gray,  generally  granitic  in  structure,  but  occasionally  becom- 
ing trachytoid.  It  is  composed  mainly  of  orthoclase  in  large  tabular 
crystals,  considerable  nepheline,  some  cancrinite  (apparently  primary, 
at  least  in  part),  and  segirine  and  segirine-augite.  Biotite,  sodalite, 
titanite,  and  magnetite  are  rare  accessories,  but  amphibole  and  apatite 
are  not  present. 

♦Cf.  PirwHon  :  Twentieth  Ann.  Rept.  U.  S.  <4t»ol.  Survey,  1900,  pt.  iii,  p.  564. 
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Table  1. — Analyses  of  the  Sijc  main  Rock  Types  from  the  Border  to  the  Center 
I. 


SiO, 

A1,0, 

Fe,0, 

FeO 

MjK) 

CaO 

NaJO 

k7) 

H,0  (ignit.) . 
H,0(llO«).. 

TiO, 

X 


MnO. 
FeS,. 


53.38 
20.22 
1.56 
1.99 
0.29 
3.29 
7.89 
6.21 

3.43 


Trace. 
"i*.77 


100.03 


II. 


50.96 

19  67 

7.76 


0.36 
4.38 
7.96 
6.77 

1.38 

0.52 


Trace. 


0.25 


100.01 


III. 


Trace. 


99.44 


IV. 


49.70 

41.75 

18.85 

17.09 

3.39 

6.35 

4.32 

341 

2.32 

4.71 

7.91 

14.57 

5.33 

6.17 

4.95 

3.98 

1.09 

0.62 

0.25 

0.28 

1.33 

0.58 

Trace. 
1.09 


100.60 


V. 


38.93 
15.41 
6.10 
4.24 
5.57 
16.49 
5.27 
1.78 

I    5.20 

I    1.62 

Trace. 
0.35 
0.02 
0.89 


100.87* 


VI. 


36.51 
8.22 
8.29 
3.31 
8.19 

18.85 
2.10 
1.08 

1.40 

3.11 

2.10 

Trace. 


0.03 
6.03 


99.22 


I.  Foyaite,  DiamondJo  quarry ;  Brackett  and  Smith,  analysts.  Williams:  Op. 
cit.,  p.  238. 

II.  Jjeucite-porphyry,  near  Diamond  Jo  quarry ;  Noyes,  analyst.  Williams :  Op. 
cit.,  p.  276.  _./    . 

III.  Shonkinite,  below  school,  west  border ;  Washington,  analyst. 

IV.  Ijolite,  below  Doctor  Thornton's ;  Washington,  analyst. 

V.  Biotite-ijolite,  near  Baptist  church  ;  J.  F.  Williams,  analyst.  Williams:  Op. 
cit,  p.  226. 

VI.  Jacnpirangite,  northeast  of  Magnet  Cove ;  J.  F.  Williams,  analyst.  Williams : 
Up.  cit,  p.  227. 

II  is  of  the  leucite-porph yry  t  "ear  the  Diannond  Jo  quarry.  This  is 
composed  of  leucite,  or  rather  pseud o-leucite,  phenocrysts,  often  of  large 
size,  lying  in  a  dark,  fine  grained,  holocrystalline  groundmass  of  nephe- 
lite,  sharply  automorphic  brown  garnets,  diopside,  and  a^girine,  with  very 
little  orthoclase,  titanite,  magnetite,  apatite,  and  probably  sodalite. 

III  isoftherock  which  Williams  calls  **  fine  grained  nepheline-syenite," 
from  below  the  school-house  near  the  western  border.  It  is  a  rather  fine 
grained,  mottled  white  and  black  rock,  composed  of  orthoclase  with  nephe- 
line,  diopside  with  borders  of  ffigirine,  some  greenish  hornblende,  rather 
abundant  beautifully  sharp  crystals  of  titanite,  and  accessory  apatite  and 
magnetite.    It  will  be  seen  that  in  chemical  composition  this  rock  closely 


«  WillianiR  given  100.57. 

tW^illiamsand  Kosenhufich  call  this  syenite, 
called  lenclte-porphyry  provisionally. 


Ita  structure  in  by  no  means  granitic;  it  may  be 
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approaches  the  leucite-porphyry,  though  a  little  lower  in  SiO,  and  alka- 
lies, and  higher  in  MgO  and  CaO.  It  differs  mineralogieally  in  that 
orthoclase  replaces  leucite,  and  hornblende  and  titanite  replace  garnet. 
It  is  thus  another  example  to  be  added  to  the  rapidly  growing  list  of 
magmas  which  are  closely  similar  in  chemical  composition,  but  which 
form  on  solidification  diverse  mineral  aggregates. 

In  the  hand  specimen  the  rock  shows  considerable  resemblance  to  the 
shonkini  tes  of  Pirsson.*  They  also  resemble  these  under  the  microscope, 
though  in  the  shonkinites  augite  is  more  abundant,  biotite  replaces 
hornblende,  and  there  is  practically  no  nepheline.  Corresponding  to 
these  differences  the  shonkinites  are  more  basic,  MgO  and  CaO  being 
much  higher  and  A1,0,  and  alkalies  lower.  At  the  same  time  the  two 
evidently  belong  to  the  same  type  of  magma,  so  that  for  the  sake  of  con- 
venience this  fine  grained  syenite  may  be  called  shonkinite.  '  It  is  closely 
similar  chemically  to  the  essexites  and  theralites,  though  it  differs  min- 
eralogieally, as  it  contains  neither  plagioclase  nor  olivine.  It  may  be 
noted  that  Rosenbusch  f  speaks  of  essexite  as  occurring  in  Arkansas, 
without  specifying  the  locality.     He  possibly  refers  to  this  rock. 

IV  is  of  a  fairly  typical  specimen  of  Williams'  '*  Ridge-type  of  eleolite- 
garnet-syenite."  It  is  dark  and  rather  coarse  to  rather  fine  grained, 
with  a  granitic  structure.  It  is  composed  of  fresh  nepheline  in  large 
amount,  with  much  pale  green  or  yellow  diopside,  and  xenomorphic 
brown  garnet,  which  is  younger  than  the  pyroxene.  Apatite  is  present 
in  rather  large  crystals,  while  magnetite  varies,  being  rare  in  some  speci- 
mens and  abundant  in  others.  Hornblende,  olivine,  orthoclase,  and 
plagioclase  are  absent. 

This  rock  corresponds  very  closely  both  chemically  and  mineralogieally 
with  the  ijolite  described  by  Ramsay  and  Berghell  J  from  liwaara,  in 
Finland,  and  is  therefore  to  be  recognized  as  another  occurrence  of  this 
very  interesting  type. 

y  is  of  Williams'  **  eleolite- mica-syenite  (light  Cove  type),"  a  coarse 
grained  rock  of  granitic  structure,  the  color  being  Jn  general  pinkish  or 
yellowish,  mottled  with  black.  It  is  composed  of  nepheline,  brown 
garnet  (both  melanite  and  schorlomite),  some  biotite  and  diopside,  a 
little  orthoclase,  and  titanite,  magnetite,  and  apatite.  There  is  neither 
hornblende,  olivine,  nor  plagioclase  present.  This  rock  may  be  called 
biotite-ijqlite. 

Judging  from  the  specimens  which  1  collected,  these  two  rocks,  IV 
and  V,  do  not  differ  materially,  though  the  latter  does  contain  some 

♦  Weed  and  Pirsson  :  Bull.  Geol.  800.  Ainer.,  vol.  vi,  I8O0,  p.  M9. 

+  Ronenbusch  :  Eloni.  GesteiDs  lehre..  p.  173. 

:  Rnm8ay4iDcl  Berghell :  Geol.  Fdr.  Fdrh.  Stock.,  vol.  xii,  1801,  p.  300. 
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biotite  and  is  coarser  grained.  The  prominence  given  to  the  biotite 
by  Williams  is  apparently  due  chiefly  to  its  abundance  in  the  altered 
form  of  protovermiculite  in  the  soil  of  the  "  Cove,"  especially  at  the 
"  lodestone  bed."  Judging  from  the  large  size  of  the  protovermiculite 
plates  and  of  the  masses  of  magnetite  and  schorlomite  found  here,  it 
seems  very  probable  that  they  are  derived  from  a  much  coarser  grained 
and  more  basic  rock,  more  nearly  allied  to  the  jacupirangites.  A  deep 
boring  at  this  point  would  be  of  the  greatest  interest. 

VI  *  is  of  Williams'  **  eleolite-mica-syenite  (dark  Cove  type)  "  from  the 
small  area  northeast  of  the  Cove.  It  is  a  dark  biwn  and  very  coarse 
grained  rock,  composed  for  the  most  part  of  a  jrtt^Kbrown  augite  (ev- 
idently titaniferous),  some  brown  biotite  (often  jSJ^kilitic  crystals  in- 
closing augite  and  magnetite),  with  magnetite  and  some  interstitial 
nepheline.     Hornblende,  olivine,  and  feldspars  are  wanting. 

This  rock  varies  much  in  the  relative  amounts  of  augite  and  magne- 
tite, the  latter  sometimes  being  present  in  large  quantity.  It  is  evidently 
closely  allied  to  the  pyroxenites,  and  seems  to  be  identical,  or  almost  so 
(except  that  it  is  not  schistose),  with  the  jacupirangites  of  Brazil  de- 
scribed by  Derby,!  so  that  it  may  be  called  by  that  name.  From  the 
minerals  found  at  the  central  'Modestone  bed  "  it  is  probable  (and  is 
here  assumed)  that  this  analysis  represents  fairly  the  composition  of  the 
central  patch  of  the  Magnet  Cove  complex. 

GENERAL  MINERALOQICAL  FEATURES 

It  is  evident  that  mineralogically  these  types  are  all  closely  related  and 
grade  into  one  another.  Nepheline  is  present  in  all — ^abundantly  in  the 
intermediate  types,  but  more  sparingly  in  the  most  acid  and  most  basic 
extremes.  Melanite,  or  a  brown  garnet,  is  also  very  common.  It  may 
be  mentioned  incidentally  that  from  the  low  TiO.^  found  in  III  it  is 
probable  that  the  abundant  garnet  in  this  rock  is  not  a  schorlomite  or 
iiwaarite  rich  in  TiO,,  but  a  more  normal  andradite.  This  is  confirmed 
by  an  analysis  of  garnet  from  Magnet  Cove  by  Stromeyer,J  which  only 
showed  about  3  per  cent  of  TiO^.  The  more  basic  iolites  are,  however, 
richer  in  titaniferous  melanite  or  schorlomite. 

The  prevailing  ferromagnesian  mineral  is  pyroxene,  which  varies  from 
segirine  and  segirine-augite  in  the  syenites,  through  diopside,  to  a  titanif- 
erous augite  in  the  most  basic  rock.     Hornblende  seems  to  be  quite 

•The  analysis  is  rather  unsatisfactoryf  inasmuch  as  there  is  an  abnormally  large  amount  of  CaO, 
l^iTingan  excess  above  that  needed  to  form  augite.  A  new  analysis  of  this  type  is  highly  desir- 
able, but  any  probable  change  in  the  results  would  not  affect  the  general  discussion. 

t  Derby  :  Am.  Jour.  Sci.,  vol.  xli,  1891,  p.  314. 

X  (Quoted  in  Hintxe.    Mineralogie,  vol.  ii,  no.  Ixiv,  p.  91. 


402       H.  S.  WASHINGTON — IGNEOUS   COMPLEX   OF    MAGNET  CX)VE 

wanting  except  in  the  banic,  syenitic  shonkinite,  and  biotite  is  rare  ex- 
cept in  the  most  basic  rocks.  Magnetite  increases  r^ularly  as  SiO,  fails, 
becoming  an  important  constituent  in  the  jacupirangites.  Titanite  and 
apatite  are  quite  common,  being  abundant  in  certain  types.  Orthoclase 
is  the  only  feldspar  observed,  the  more  acid  rocks,  of  course,  being  the 
richest  in  it,  though  it  is  found  even  in  some  of  the  basic  ones.  The 
total  absence  of  the  anorthite  molecule  is  remarkable,  in  view  of  the 
abundance  of  CaO.  It  is  to  be  noted  that  olivine  is  entirely  absent  from 
all  these  rocks,  being  found  in  the  region  only  in  a  few  dikes  of  monchi* 
quite,  which  will  be  mentioned  later. 

•  OENBRAL  CHEMICAL  FEATURES 

Chemically  also  these  rocks  are  all  related  to  one  another  and  are  all 
evidently  derived  from  the  same  magma.  They  are  all  essentially  soda 
rocks,  this  alkali  being  abundant  in  all  of  them  and  to  a  large  extent 
giving  them  their  characteristic  features.  In  fact  this  region  is  another 
instance  of  the  well  known  tendency  of  soda-rich  intermediate  magmas 
to  undergo  differentiation.  Na,0  is  constantly  greater  than  K,0  in  ratios 
varying  from  1.75  to  4.47,  and  this  ratio  increases  on  the  whole  wiUi  the 
basicity,  as  has  been  found  to  be  the  case  elsewhere. 

In  the  next  place,  they  are  rich  in  CaO,  the  ijolities  extremely  so,  and 
even  the  nephelinic  syenites  carry  far  more  CaO  than  such  rocks  from 
other  regions.  The  rocks  are,  on  the  whole,  poor  in  MgO.  This,  together 
with  the  richness  in  CaO,  accounts  for  the  abundance  of  melanite,  since 
there  was  not  sufficient  MgO  to  combine  with  all  the  CaO  to  form 
pyroxene. 

Iron  oxides  offer  no  especial  features  of  interest,  though  they  are  not 
as  abundant  in  the  ijolites  as  we  might  expect  to  find  them.  No  defi- 
nite relationship  between  their  ratios  and  SiO,  can  be  made  out,  but,  as 
has  been  observed  elsewhere  in  soda-rich  rocks,*  the  ratio  of  FeO :  FejO, 
is  constantly  low.  Alumina  is  decidedly  high  for  rocks  as  basic  as  the 
ijolites,  and  SiO,  is,  on  the  whole,  low ;  in  fact,  the  character  of  the 
magma,  as  a  whole,  is  decidedly  basic  as  well  as  rich  in  soda  and  lime. 

CHEMICAL  RELATIONS 

The  chemical  relations  of  the  various  rocks  are  well  seen  in  the  ac- 
companying diagram,  in  which  total  iron  oxides  are  reckoned  as  FeO. 
The  agreement  of  A1,0„  Na,0,  and  K,  O  with  each  other,  on  the  one 
hand,  and  of  CaO,  MgO,  and  FeO,  on  the  other,  as  well  as  the  antago- 
nism  of  these  two  groups  of   oxides,  are  clearly  shown.    As  silica 

*Wii9hington  :  Jour,  of  Geology,  vol.  vil,  1899,  p.  ifft.     • 
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increases,  the  former  rise  regularly  with  it,  while  the  latter  fall  as 
regularly.  This  behavior,  however,  is  well  known  and  calls  for  no 
comment. 

SERIAL  CHARACTER 

The  diagram  makes  more  evident  another  feature*,  already  shown  by 
the  analyses,  namely,  the  serial  character  of  the  six  types.  They  all 
vary  continuously  in  one  direction,  with  scarcely  a  break  or  abnor- 
mality of  any  kind.  Indeed,  these  six  rocks  are  an  excellent  example 
of  a  rock  series  as  defined  by  Brogger.*  So  well  marked  is  the  series, 
and  80  regular  is  the  variation  from  the  center  outward,  that  our  belief 
in  the  integral  and  contemporaneous  character  of  the  various  rock  types 
of  the  mass  is  changed  almost  into  a  certainty.  It  is  scarcely  possible 
that  such  a  regular  variation  would  be  found  in  any  complex  made  up 
of  successive  intrusions,  still  less  that  they  should  have  been  intruded 
80  nicely  in  their  proper  order.  Some  kind  of  differentiation  of  the 
igneous  magma  as  a  whole  is  the  only  possible  ex  plana*tion,  and  it 
8een)a  to  me  that  this  complex  of  Magnet  Cove,  with  its  beautifully 
developed  zonal  structure,  its  series  of  interesting  types,  and  the  way  in 
which  the  component  rocks  fit  into  their  places  in  the  series,  both 
chemically  and  mineralogically,  forms  one  of  the  most  striking  in- 
stances in  favor  of  the  differentiation  hypothesis  which  has  yet  been 
found. 

It  will  be  seen  in  the  diagram  that  there  is  a  rather  large  gap  in  the 
center  between  SiO„=  41.75  and  49.70 — that  is,  between  the  ijolites  and 
the  syenites.  As  the  six  analyses  represent  all  the  main  types  observed, 
it  seems  hardly  possible  that  another  exists  which  fits  into  this  gap. 
It  suggests  rather  that  the  main  course  of  differentiation  has  split  the 
magma  into  the  ijolites  and  the  syenites,  and  that  their  varieties  are 
due  to  a  secondary  differentiation  of  these  main  differentiates.  The 
ijolitic  and  syenitic  rocks  are  then  to  be  regarded  as  the  melanocratic 
and  leucocratic  complementary  divisions  of  the  series. 

THE  DIKES 

General  trend  of  the  dikes, — Before  discussing  the  problem  of  differen- 
tiation and  comparing  the  rocks  of  Magnet  Cove  with  those  of  other 
regions,  a  few  words  may  be  devoted  to  the  dikes,  in  the  attempt  to  see 
where  they  fit  into  the  general  scheme.  As  a  preliminary  it  may  be 
stated  that  the  majority  of  them  show  a  general  east-and-west  trend — 
that  is,  between  northwest  and  southwest.     This  is  approximately  par- 

•  Brflgi^or  :  Eriiptivgi»Hteinf  den  Krij*tiaiiigebietc»,  vol.  i,  1894,  p.  169. 
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allel  to  the  general  line  of  folding  in  this  region.  There  are  some  ex- 
ceptions, but  that  is  the  usual  course.  This  is  to  be  expected,  since 
cracks  or  lines  of  weakness  would  naturally  develop  parallel  to  the 
anticlinal  axes,  and  would  hence  be  the  lines  along  which  the  dike 
magmas  would  be  injected.  ,  It  will  also  have  been  noticed  that  the 
major  axis  of  the  igneous  area  is  also  approximately  parallel  to  this. 

The  dike  rocks. — The  dikes  are  composed  of  "  nepheline-tinguaites  " 
and  leucite-tinguaites,  basic  nepheline-porphyries,  fourchites,  and  mon- 
chiquites.  They  have  been  so  thoroughly  described  by  Williams  that 
the  reader  is  referred  to  his  work  for  details.  I  would  merely  remark 
that  the  rock  which  he  calls  "  nepheline-tinguaite  "  comes  more  prop- 
erly under  the  head  of  tinguaite-porphyry,  as  used  by  Pirsson,*  ortho- 
clase  phenocrysts  being  abundant,  though  the  groundmass  is  quite 
black  and  aphanitic.  Some  of  his  leucite-tinguaites  also  contain  no 
leucite,  but  are  very  typical  tinguaites  proper.  The  nepheline-porphy- 
ries  and  the  larger  masses  of  monchiquitic  rocks,  as  well  as  the  largest 
dikes  of  tinguaite-porphyry,  are  found  in  the  hornstone  area  along  the 
Ridge.  Leucite-tinguaite  seems  to  occur  only  in  close  connection  with 
the  leucite-porphyry  as  irregular  schlieren-like  masses  rather  than  in 
dike  form,  especially  toward  the  borders.  They  may  best  be  regarded 
as  merely  facies  of  this  or  of  the  foyaite  or  shonkinitic  syenite. 

Chemical  compogUion. — The  analyses  here  given  illustrate  the  chemical 
characters  of  these  dikes.  It  will  be  seen  that  the  tinguaites  resemble 
the  three  syenites  closely.  The  tinguaite-porphyry  especially  is  almost 
identical  with  the  foyaite,  and  one  of  the  leucite-tinguaites  also  resem- 
bles it,  except  that  Fe,Oj  and  K^O  are  considerably  higher.  The  *'  neph- 
eline-felsite  "  seems  to  represent  an  intermediate  type  not  found  among 
the  abyssal  rocks.  The  nepheline-porphyry,  fourchite,  and  monchiquite, 
on  the  other  hand,  resemble  rather  the  ijolite.  This  is  especially  true 
of  the  nepheline-porphyry,  as  was  noticed  by  Williams.f 

The  fourchites  and  monchiquites  differ  considerably  from  this.  Their 
alkalies  are  very  much  lower  and  iron  oxides  higher  (except  as  com- 
pared with  the  jacupirangite),  though  the  ratio,  Na,0 :  KjO,  still  remains 
high.  In  the  biotite-rich  ouachitites,  agaiit,  MgO  is  very  high,  and, 
while  total  alkalies  remain  about  the  same,yet  K,0  is  much  higher  than 
Na,0. 

•Pirsflon  :  18th  Ann.  Rept.  Geol.  Survey  U.  8.,  part  iii,  1898,  p.  567. 
t  Williams  :  Op.  oit.,  p.  261. 
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Table  IL'-Analyaes  of  the  Dike  Rocks 


I. 

XL 

III. 

IV. 

V. 

VI. 

VII. 

SiOj 

53.76 
23.21 
1.27 
3.18 
0.23 
2.94 
6.97 
7.01 
1.71 

None. 

None. 
0.04 

Trace. 

52.91 
19.49 
4.78 
2.05 
0.29 
2.47 
7.13 
7.88 
1.19 

None. 
0.44 
0.09 

Trace. 

51.35 

20.21 

4.90 

" 'V.53 
5.75 
4.43 
6.68 

"o.so* 

44.50 
22.96 

j    6.84 

1.65 
8.65 
6.70 
4.83 
2.06 
1.40 

43.50 

18.06 

f    7.52 

1     7.64 

3.47 

13.39 

2.00 

1.30 

1.22 

#2.10 

42.03 

13.60 

7.55 

6.65 

6.41 

14.15 

1.83 

0.97 

1.08 

3.70 

Trace. 

36.40 

AlA 

12.94 

f4qI.    ....    .. 

8.27 

Feo.?...;: ::.. 

4.59 

MffO 

11.44 

CaO 

14.46 

Na,0 

0.97 

K^ 

3.01 

?l^jr.*-':::::::: 

2.36 
0.42 

MnO 

SrO 

P.O. 

0.28 
•0.04 
4.01 
0.06t 

0.57 
0.08 
0.56 
0.05t 

1.04 

scv.;.::::::::::::: 

FeS, 

0.52* 
0.53 
None. 

CI 

0.02 

00, 

3.94 

100.34 

100.25 

100.04 

99.59 
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I.  Tingaaite-porpliyry,  The  Ridge;  Williams,  analyst     Williams:  Op.  cit,  p. 
266. 

II.  Leucite-tinguaite,  Neusch's  gully;  Williams,  Analyst.  Williams:  Op.  cit., 
p.  287,  with  X=r  0.48.    ' 

III.  **Nepheliue-fel8ite,"  north  of  Doctor  Thornton's;  Noyes,  analyst  Wil- 
liams: Op.  cit,  p.  263. 

IV.  Nepheline-porphyry,  Doctor  Thornton's;  Noyes,  analyst.  Williams:  Op. 
cit,  p.  261. 

V.  Amphibole-monchiqnite,  Dike  159;  Noyes,  analyst  Williams:  Op.  cit,  p. 
295. 

VI.  Fourchite,  Fourche  mountain,  Arkansas;  Noyes,  analyst.  Williams:  Op- 
cit,  p.  108. 

VII.  Ouachitite,  Dike  18,  near  Hot  Springs;  Eakins,  analyst  Williams:  Op. 
cit,  p.  399.    Bull.  148,  U.  S.  Geological  Survey,  1897,  p.  96. 

On  comparing  the  molecular  ratios  of  these  dike  rocks  with  those  of 
the  main  types  shown  in  the  diagram  it  is  found  that  the  analyses  of 
the  tinguaites  and  basic  nepheline-porphyry  fall  in  very  satisfactorily 
with  the  lines  as  there  given ;  but  the  analyses  of  the  fourchites, 
monchiquites,  and  ouachitites  do  not  fit  in  at  all  well,  great  discrep- 
ancies occurring  all  along  the  lines,  rendering  them  irregular,  with  sharp 
and  abrupt  zigzags. 

♦S.  fNiiCI. 
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It  is  to  be  inferred  from  this,  I  think,  that  the  tinguaites  and  neph- 
eline- porphyry  are  aschistic  *  dikes — that  is,  undifferentiated  injections 
of  the  still  fluid  differential  zones  into  the  surrounding  rock — while  the 
fourchites,  etcetera,  are  diaschistic  dikes — that  is,  products  of  a  still  fur- 
ther differentiation  of  these  zones. 

THE  ZONAL  ABRANQEMENT 

Peculiarity  of  order  of  rocks, — Turning  to  the  question  of  the  order  of 
arrangement,  it  will  be  seen  that  a  very  peculiar  feature  of  this  complex 
is  that  this  differs  from  nearly  all  other  laccolithic  and  other  masses 
of  igneous  rock  in  the  order  in  which  the  component  rocks  occur.  In 
some  laccoliths,  such  as  those  of  Colorado,  Utah,  and  Arizona,  described 
by  Gilbert  t  and  Cros8,J  and  those  of  the  Judith,  §Castle,||  and  Little 
Belt^  mountains  in  Montana,  described  by  Weed  and  Pirsson,  the 
igneous  mass  is  of  practically  uniform  composition  throughout.  The 
rocks  of  all  these,  it  is  to  be  noted,  are  granite  and  syenite  porphyries 
and  porphyrites,  all  decidedly  acid  rocks  and  not  very  highly  alkaline 
in  character. 

In  others,  as  Predazzo,**  Brandberget,tt  Garabal  hill,  J  J  Carrock  fell,§§ 
and  Square butte,  ||||  Yogo  peak,^^  and  Bearpaw  peak,***  in  Montana, 
composed  either  of  rather  basic  or  rather  alkaline  rocks,  where  the 
magma  has  differentiated  after  intrusion,  the  border  zone  is  basic  and 
the  interior  more  acid.  The  same  relations  are  observed  in  many  com- 
posite dikes.  These  cases  have  led  us  to  believe  that  the  oxides  of  iron, 
magnesium,  and  calcium  tend  to  diffuse  toward  the  cooling  surface, 
while  the  alumina,  alkalies,  and  silica  tend  to  remain  in  the  hotter 
(central)  part. 

At  Magnet  Cove  we  find  exactly  the  contrary.     The  iron  oxides,  mag- 
nesia, and  lime  are  most  abundant  at  the  center,  and  silica,  alumina,  and  . 
alkalies  at  the  borders.     The  same  oxides  are  differentiated,  but  their 
direction  of  motion,  if  we  may  so  express  it,  is  reversed. 


♦Brdgger:  Erupfcgeuteine  des  Kri«tianiRgebietej«,  vol.  I,  1894,  p.  125;  cf.  Wanhington  :  Jour,  of 
«eol.,  vol.  vii,  1899,  p.  472. 
t Gilbert:  Geology  of  Henry  Mountains,  Washington,  1877. 
X  Cross :  Fourteenth  Ann.  Rept.  U.  S.  Geological  Hurvey,  1895,  p.  157. 
I  Weed  and  Pirsson  :  Eighteenth  Ann.  Rept.  U.  S.  (Geological  Survey,  1898,  pt.  iil,  p.  437. 
\  Weed  and  Pirsson  :  Bull.  no.  ia9,  U.  S.  Geological  8urvey,  1890. 
%  Weed  and  Pirsson :  Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  1900.  pt.  iii,  p.  5B2. 
•*  Brdgger:  Eruptivgesteine  Krist.  gebictes,  vol.  ii,  1895,  p.  66. 
ft  Brdgger,  in  Quar.  Jour.  Geol.  Soc.,  vol.  1, 1894,  p.  31. 
n  Dakyns  and  Teall,  in  Quar.  Jour.  Geol.  Soc.,  vol.  xlviii,  1892,  p.  104. 
^^  Harker,  in  Quar.  Jour.  Geol.  Soc.,  vol.  1, 1891,  p.  311,  and  vol.  Ii,  1895,  p.  125. 
n  Weed  and  Pirsson,  In  Bull.  Geol.  Soe.  Am.,  vol.  0,  1895,  p.  389. 
1^  Weed  and  Pirsson,  in  Am.  Jour.  Sci.,  vol.  I,  1895,  p.  467. 
**•  Weed  and  Pirsson,  in  Am.  Jour.  Scl.,  vol.  i,  1896,  p.  351. 
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Other  insUiTices. — Although  this  is  contrary  to  the  general  rule,  yet  it  is 
by  no  means  an  isolated  exception.  Brogger*  furnishes  an  example, 
with  five  analyses,  in  the  laccolithic  mass  of  Ramnas.  Here  the  center 
is  a  medium  grained  akerite,  with  SiO,^  58.48,  CaO  =  5.02,  and  alka- 
lies =  8.58.  ITiis  gradually  becomes  finer  grained  and  more  acid  as  the 
border  is  approached,  till  at  the  contact  at  Gislerud  the  rock  is  a  fine 
grained  quartz-porphyry,  with  SiO,  =71.49,  CaO  =  0.30,  and  alkalies  = 
10.18.  The  ratio  of  Na,0 :  K,0  also  varies  continuously,  as  in  Essex 
county,  Massachusetts,  Magnet  Cove,  and  elsewhere. 

The  diorite  stock  of  the  Castle  mountains,!  Montana,  may  also  be 
mentioned.  This  is  basic  at  the  center,  growing  less  so  toward  the 
periphery,  where  it  becomes  a  very  acid  quartz-porphyrite. 

Another  instance  is  the  laccolith  of  Umptek,  Kola,  in  Finland,  described 
by  Ramsay  and  Hackmann.^  This  is  composed  mainly  of  a  peculiar 
foyaite  which  has  been  called  chibinite,§  showing  a  trachytoid  structure, 
abundant  segirine,  arfvedsonite,  eudialyte,  and  other  rare  minerals,  and 
which  is  very  high  in  Na,0.||  The  mass  is  cut  by  sheets  of  finer  grained 
chibinite,  theralite,  and  ijolite,  suggesting  the  idea  that  they  are  possibly 
intrusiond  of  the  still  fluid  basic  interior  tlirough  the  already  cooled 
outer  mass  of  chibinite.  Lastly  and  most  important,  there  occurs  at  the 
bordersof  the  mass  a  more  acid,  nepheline- poor  to  nepheline-freesyenite,*^ 
which  Ramsay  calls  umptekite  and  which  is  allied  to  the  pulaskite  of 
Fourche  mountain,  Arkansas.  This  umptekite,  it  may  be  noted,  is 
classed  by  Ramsay  **  under  the  endomorphic  modifications  of  the  main 
chibinite. 

At  this  center,  then,  we  apparently  have  a  state  of  affairs  closely  re- 
sembling those  of  Magnet  Cove,  both  as  regards  the  general  chemical 
characters  of  the  rocks,  their  occurrence  as  a  laccolith  or  originally 
homogeneous  mass  of  magma,  and  their  order  of  arrangement 

CA  USE  OF  DIFFERENTIA  TION 

General  discussion  of  causes. — The  exceptional  character  of  these  oc- 
currences would  seem  to  imply  that  some,  at  least,  of  the  principles 
usually  invoked  to  explain  differentiation  can  not  apply  here.  I  say 
**8eem  ''  since  it  must  not  be  forgotten  that  it  is  possible,  indeed  prob- 
able, that  several  processes  may  be  involved,  either  simultaneously  or 

*  Brtgger  :  Zeit.  Kryat.,  vol.  xvl,  1890,  p.  45. 

t  Weed  and  Pirsnon  :  Bull.  no.  139,  U.  S.  Geological  Survey,  1«96,  pp.  134  and  140. 

X  Ramsay  and  Haokmann  :  Fennia.  vol.  11,  no.  2,  Helsingfors,  1894. 

I  Brogger  :  Erupt,  gest.  d.  Krist.  geb.  iii,  1898,  p.  29.  ' 

II  See  analypep  later  on  page  412. 

^  Ramnay  and  Hackmann  :  Op.  cit.,  pp.  204  and  214,  and  figs.  13  and  14,  p.  76. 
*♦  Rain  say  and  UackrnanD  ;  Op.  cit.,  p.  197, 
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separately,  in  so  complicated  a  matter  as  the  differentiation  of  a  mass 
of  magma.  Our  notions  of  the  relations  of  solvent  and  solute,  and  of 
solutions  in  general,  especially  as  applied  to  rock  magmas  and  the  con- 
ditions in  which  they  exist,  are  at  present  so  vague  that  we  must  move 
with  great  caution.  The  matter  is  complicated  hy  the  fact  that  in  such 
large  masses  purely  physical,  as  well  as  physico-chemical  and  chemical, 
forces  (such  as  gravity  and  convection  currents),  almost  certainly  come 
into  play.  This  being  the  case,  it  would  perhaps  be  wiser  to  defer  all 
discussion  for  the  present,  but  I  can  not  refrain  from  suggesting  an  ex- 
planation which  has  certain  elements  of  probability. 

A  liquid  solution,  such  as  a  rock  magma  may  be  supposed  to  be,  is  a 
mixture  of  two  or  more  bodies,  one  of  which  is  said  to  act  as  a  solvent 
for  the  others — that  is,  the  solutes.  The  difference  between  the  two  is 
more  apparent  than  real,  since  in  many  cases  their  functions  can  be  in- 
terchanged. But  the  general  idea  underlying  the  use  of  the  term  solvent 
is  that  it  is  that  constituent  which  is  present  in  excess.*  Often  either 
constituent  may  act  as  the  solvent,  and  in  many  such  cases  it  is  found 
that  as  the  solution  is  cooled  socalled  eutectic  mixtures  tend  to  form.f 

Jjeaving  aside  the  consideration  of  these,  if  a  more  or  less  dilute  solu- 
tion (that  is,  one  in  which  the  solvent  is  largely  in  excess)  is  cooled  suffi- 
ciently, or  frozen,  as  it  is  called,  the  solvent  crystallizes  first,  the  mixture 
tending  to  become  eutectic.  Thus,  if  we  partially  freeze  an  aqueous  solu- 
tion of  salt  the  ice  formed  is  quite  pure  and  the  brine  more  concentrated. 

This  idea  has  been  applied  to  the  crystallization  of  magmas  by  Lago- 
tiOjX  who  also  suggests  §  that  the  general  solvent  has  the  composition 
(K,Na),0.2SiO„  basing  this  conclusion  on  the  results  of  many  analyses. 
While  the  exact  stoichiometrical  character  of  the  solvent  in  general  -may 
be  doubted,  and  while  many  cases  may  be  cited  where  such  a  solvent  is 
out  of  the  question,||  yet  in  the  alkaline  rocks,  especially  those  of  the 
foyaitic  series,  it  seems  probable  that  the  part  of  the  magma  which  plays 
the  r6]e  of  the  solvent  is  composed  of  silica,  alumina,  and  alkalies.  Pos- 
sibly these  exist  in  stoichiometrical  ratios,  but  more  probably  not. 

We  would«eem  to  have,  then,  in  this  a  good  explanation  of  the  facts 
at  Magnet  Cove,  Umptek,  and  Ramnas.  Just  as  in  a  highly  cooled  ves- 
sel of  salt  water  the  ice  crystallizes  at  the  sides,  bottom,  and  top,  leaving 
a  core  of  more  concentrated  liquid  at  the  center,  so  here  the  solvent  may 
have  frozen  out,  collecting  at  the  borders  of  the  cavity  in  a  more  or  less 

♦  Cf.  Nern«t  Theoretical  Chemistry,  1896,  p.  414. 

t  For  a  r^sum6  of  this  subject  compare  Teal  I.  British  Petrography,  1888,  p.  380. 
I  I^gorio :  Tsch.  Min.  Pet.  Mitth.,  vol.  viii,  1887,  p.  513. 
I  Lagorio:  Op.  cit.,  p.  608. 

I  On  these  points  see  the  remarks  of  Zirkel  (Lehrb.  Pet,  vol.  i,  1893,  p.  767)  and  Iddingn  (Bull. 
Phil.  Soc.  Wash.,  vol.  xii,  1892,  p.  156). 
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pure  condition,  as  foyaite,  and  gradually  becominfc  more  basic  (richer 
in  the  solute)  as  the  freezing  process  crept  toward  the  center. 

Assuming  that  a  certain  portion  of  the  magma  acts  as  solvent  and 
another  as  solute,  as  it  seems  we  must,  such  a  process  is  a  natural  one. 
It  has  been  advocated  by  Becker  in  his  paper  on  Fractional  Crystalliza- 
tion,* but  in  a  somewhat  different  form.  According  to  him  Uie ''  pro- 
cess depends  essentially  upon  convection  currents,"  and  the  crystalliza- 
tion proceeds  from  the  least  to  the  most  fusible  constituents. 

On  these  two  points  I  cannot  agree  with  him.  While  convection  cur- 
rents would  undoubtedly  be  set  up  to  some  extent,  and  have  been  ap- 
parently in  the  outer  syenitic  zones  at  Magnet  Cove,  yet  they  do  not  seem 
to  me  to  be  essential  to  the  process.  It  would  go  on  by  a  simple  crys- 
tallization of  the  solvent,  thus  collecting  along  the  rough  borders  in 
accordance  with  the  well  known  tendency  of  crystallizing  bodies  to  groir 
about  sharp  nuclei,  the  solute  molecules  being  mechanically  pushed  aside 
toward  the  center.f 

That  it  is  not  the  least  fusible  substance  which  crystallizes  first  is 
shown  by  the  general  truth  of  Rosenbusch's  law  of  the  order  of  crystal- 
lization and  the  numerous  dikes  and  laccoliths  with  basic  and  more 
fusible  borders  and  acid  centers.  This  is  not  a  question  of  relative  fusi- 
bility, but  of  solvent  and  solute,  degree  of  dilution  and  relative  solubility. 

Different  types  of  ^ascoUtilS, — While  the  conditions  are  complex,  and  sev- 
eral possible  processes  may  be  involved,  yet  there  is  reason  for  thinking 
that  the  composition  of  the  magma  as  a  whole  has  most  to  do  with  the 
order  of  arrangement  of  the  crystallized  differentiates.  If  we  examine 
the  three  classes  of  laccoliths  already  mentioned,  it  is  seen  that,  while  in 
one  (Henry  Mountain  type)  the  magma  is  undifferentiated,  in  the  second 
(Square  Butte  type)  it  is  differentiated  and  with  a  basic  border,  and  in 
the  third  (Magnet  Cove  type)  it  is  differentiated,  but  with  the  border 
acid  ;  yet  the  conditions  of  cooling  and  solidification  could  not,  as  far  as 
we  can  tell,  have  been  very  different  in  the  different  cases. 

I  have  already  pointed  out  that  the  three  types  seem  to  be  distinguish- 
able by  the  chemical  characters  of  their  respective  magmas. 

The  first  type  of  laccolith  is  granitic  or  dacitic — that  is,  very  rich  in 
SiO„  and  with  relatively  small  amounts  of  all  other  oxides,  either  alka- 
lies or  lime  preponderating  among  these.  It  may  also  be  noted  that  the 
structure  of  these  is  always  porphyritic.J  The  second  is  either  raon- 
zonitic  or  dioritic,  referring  to  the  general  character  of  the  magma  as  a 

*G.  F.  Becker :  Am.  Jour.  Sci.,  vol.  iv,  1897,  p.  267. 

t  Examples  of  thin  on  a  small  scale  are  to  be  seen  alxjut  the  phenocrystis  of  certain  dike  rockv 
Cf.  PirsHon  :  Am.  Jour.  Sci.,  vol.  ii,  181»6,  p.  191 ;  and  Washington  :  Jour,  of  Geology,  vol.  vti,  1899, 
p.  113. 

JCf.  Pirason :  Twentieth  Ann.  Rept.  U.  8.  Oreol.  Survey,  iaiX>,  pt.  lii,  p.  561, 
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whole  before  differentiation  into  zones,  with  lower  SiO„  and  with  oxides 
of  Fe,  Mg,  and  Ca  either  equal  to  or  preponderating  over  the  alkalies. 
The  third  is  syenitic  or  foyaitic  (also  applied  to  the  general  magnia)^ 
rather  low  in  SiO,,  but  with  either  KjO  or  Na,0  or  both  preponderating 
over  the  bivalent  oxides.  (This  applies  especially  to  Na,0,  since  few  or 
no  examples  of  essentially  potash-rich  laccolithic  masses  are  known  or 
have  been  studied.)  These  last  two  are  uniformly  granitic  in  structure  * 
Of  course,  it  is  not  asserted  that  this  is  the  invariable  rule,  nor  that  these 
three  are  the  only  possible  types,  but  the  few  cases  which  have  been  in- 
vestigated in  sufficient  detail  seem  to  bear  it  out  in  general,  though  there 
are  apparent  exceptions. 

Assuming  that  such  a  distinction  between  the  three  classes  exists  in 
fact,  or  is  at  least  generally  applicable,  it  is  suggested  here  that  the 
magmas  of  the  first  (Henry  Mountain)  type  either  approach  in  composi- 
tion a  eutectic  mixture,  analogous  to  that  suggested  by  Teall,t  or  else  that 
the  rocks  represent  closely  the  chemical  character  of  the — or  a — magmatic 
solvent,  the  solution  being  so  dilute  that  the  solvent  crystallized  in  an 
approximately  pure  condition,  the  small  amount  of  solute  either  being 
mechanically  -caught  and  crystallized  with  it,  or  forced  inward  and 
solidifying  as  a  very  small  basic  core,  yet  to  be  discovered,  at  the  center 
of  the  mass.  In  the  other  two  types  the  solvent  was  either  (Square 
Butte  type)  rich  in  iron  oxides,  magnesia  and  lime,  and  the  solute  alka- 
line and  aluminous,  or  (Magnet  Cove  type)  the  converse,  the  solvent 
being  composed  essentially  of  silica,  alumina,  and  alkalies,  and  the  solute 
consisting  mainly  of  bivalent  oxides.  In  a  possible  fourth  type,  of  gabbro 
or  peridotitic  magma,  the  mass  would  again  be  quite  uniform,  since  here 
(analogously  with  the  Henry  Mountain  type)  the  basic  solvent  is  largely 
in  excess. 

These  four  types,  it  must  be  mentioned,  are  only  given  as  examples, 
and  are  not  to  be  considered  as  exhausting  the  possible  types  of  differ- 
entiation. These  may  be  very  various,  and,  of  course,  dependent  on  the 
composition  of  the  magma  and  the  physical  conditions  of  cooling.  These 
four  are,  however,  probably  the  most  common  and  important,  though  a 
possible  fifth,  that  of  a  gabbro  magma,  with  anortliosite  and  pyroxenite 
zones,  may  be  added. 

This  view,  which,  it  must  be  confiessed,  is  only  a  working  hypothesis, 
explains  otherwise  apparently  discordant  facts  in  many  cases,  though  it 
by  no  means  excludes  the  possibility  of  other  processes  being  involved. 
It  is  generally  believed  that  the  laws  governing  dilute  liquid  solutions 
are  quite  distinct  from  those  involved  in  more  concentrated  ones.    It  is 

•On  thin  point,  as  regards  volcanic  roek^,  see  Jour.  Geol.,  1896,  vol.  iii,  p.  62, 
fTeall :  Brit.  Petrog.,  p.  402. 
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4.85 


0.68 
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1.85 
9.87 
5.25 
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0.35 
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cit,  p.  70. 

II.  Nepheline-syenite,  Fourche  mountain,  Arkansas ;  Noyes,  analyst.    Williams : 
Op.  cit.,  p.  81. 

III.  Umptekite,  Umpjavr,  Umptek ;  Petersson, analyst.    Ramsay:  Fennia,  vol. 
xi,  1894,  p.  205. 

IV.  Nepheline-syenite  (main  type ),TBcha8nat8chorr,  Umptek.   Ramsay  :  Fennia, 
vol.  xi,  1894,  p.  132. 

V.  Ijolite,  Kaljok  valley,  Umptek ;  Berghell,  analyst.    Ramsay :  Op.  cit,  p.  185. 

VI.  Ijolite,  liwaara,  Umptek ;  Berghell,  analyst.    Ramsay :  Op.  cit,  p.  185. 

VII.  Nepheline-porphyry,  Wudjavrtschorr,  Umptek ;  HaCkmann,  analyst    Ram- 
say: Op.  cit,  p.  151. 

VIII.  Urtite,  Lujavr  Urt,  Kola;  Sahlbom,  analyst    Ramsay:  Geol.  For.  Forh- 
Stock.,  vol.  xviii,  1896,  p.  462. 

IX.  Pulaskite,  Moita,  Foia,  Portugal ;  Dittrich,  analyst     Kosehlaa  and  Hack- 
mann:  Tsch.  Min.  Pet  Mitth.,  vol,  xvi,  1896,  p.  225. 

X.  Foyaite,  Picota,  Portugal;  Jannasch,  analyst.    Koscblau:  Op.  cit,  p.  218. 
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XI.  Eseexite,  Monchique,  Portagal;  scholar  of  Jannasch,  analyst.  Koschlau: 
Op.cit,p.  239. 

XII.  Basic  segregation  in  Foyaite,  Monchique ;  Singhof,  analyst.  Koschlau : 
Op.  cit.,  p.  237. 

XIII.  Lujavrite,  Kangerdluarsak,  Greenland;  Ussing,  analyst  Rosenbusch : 
Eleinenie  d.  Gesteinslehre,  1898,  p.  126. 

XIV.  Lujavrite  (trachytoid),  Kangerdluarsuk.     Ronenbusch:  Op.  cit.,  p.  126. 

XV.  8odalite-syenite,  Kangerdluarsuk  ;  Ussing,  analyst.  Rosenbusch :  Op.  cit, 
p.  126. 

XVI.<  Schlieren  in  Lujavrite,  Kangerdluarsuk ;  Detlefsen,  analyst.  Rosenbusch : 
Op,  cit,  p.  133. 

XVII.  Nepheline-porphyry  (Sufi8exite),Beemerville,  New  Jersey;  Kemp,analyst. 
Kemp:  Transactions  of  the  New  York  Academy  of  Sciences,  vol.  xi,  1892,  p.  60. 

X  VIII.  Borolanite,  lake  Borolan,  Scotland ;  Player,  analyst  Home  and  Teall : 
Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  xxxviii,  1893,  p.  163. 

XIX.  Garnet- pyroxene- mal ignite,  Poobah  lake,  Ontario,  Canada ;  Blasdale,  ana- 
lyst LawBon :  Bulletin  of  the  Department  of  Geology,  University  of  California, 
vol.  i,  p.  356. 


*  Traces  of  SrO,  L1,0,  and  8. 


t  Including  0.8  BaO  and  0.4  SO^. 
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also  true  that  the  ionizing  action  of  different  solvents  varies  much  both 
in  degree  and  kind,  dissociation  taking  place  in  some  and  to  different 
extents,  while  association,  or  an  apparent  molecular  condensation,  takes 
place  in  others. 

Owing  to  the  lack  of  data,  especially  as  regards  concentrated  solutions, 
the  whole  subject  is  in  a  vague  and  uncertain  condition,  and  I  may  be 
allowed  to  express  the  hope  that  the  physical  chemists,  by  the  investiga- 
tion of  this  phase  of  the  study  of  solutions,  and  more  especially  concen- 
trated ones  and  fused  salt  mixtures,  may  soon  put  us  in  a  position  to 
attack  such  problems  with  greater  knowledge  and  consequently  greater 
hope  of  their  ultimate  solution.* 

At  any  rate,  it  would  seem  that  the  application  of  Soret's  principle  is 
by  no  means  as  general  as  has  been  supposed,  and  indeed  some  strong 
objections  f  have  been  recently  raised  against  it.  Backstrom's  liquation 
theory  J  certainly  contains  elements  of  probability,  but  seems  rather 
applicable  to  particular  cases,  such  as  orbicular  granites,  than  to  differ- 
entiated zonal  laccolithic  masses  or  dikes.  In  such  cases  as  these  the 
substance  first  crystallized  would  tend  to  collect  and  grow  from  the 
rough  containing  walls,  the  points  of  which  would  serve  as  nuclei.  In 
the  case  of  one  liquid  separating  from  another  in  which  it  happens  to 
be  insoluble  under  the  existing  conditions,  we  have  no  evidence,  so  far 
as  I  know,  that  there  would  be  such  a  tendency.  It  seems  more  likely 
that  the  insoluble  liquid  would  separate  in  the  form  of  drops  and 
schlieren. 

COMPARISON  WITH  OTHER  REGIONS 

A  comparison  with  the  rocks  of  other  regions  is  of  great  interest,  but 
so  much  space  has  been  devoted  to  the  preceding  discussions  that  only 
one  or  two  special  points  will  be  mentioned. 

In  general,  it  may  be  said  that  the  rocks  of  Magnet  Cove  offer  special 
analogies  with  those  of  Kola,  Alno,  Greenland,  Portugal,  Brazil,  and 
Beemerville,  New  Jersey.  These  are  all  regions  of  foyaitic  rocks  low  in 
silica  and  especially  high  in  soda.  The  chemical  resemblances  will  best 
be  seen  on  an  examination  of  the  analyses  given  in  Table  III,  which 
are  only  a  few  out  of  those  available.  At  Magnet  Cove  the  most  acid 
rock  is  the  neph el ine  syenite,  with  53  per  cent'of  silica;  but  the  pulas- 
kites  of  the  neighboring  igneous  area  of  Fourche  mountain  may  reason- 
ably be  supposed  to  be  derived  from  the  same  general  magma.  Rocks 
corresponding  to  these  are  found  at  several  of  the  regions  above  men- 

*  It  i»  encouraging  to  note  that  Profpssor  Bancroft  ha*  lately  (Jour.  Phys.  Chem.,  vol.  Hi,  19S9, 
p.  605)  called  attention  to  the  neglect  of  this  very  important  field  of  research, 
t  Bftck8tr6m,  Jour.  Geology,  vol.  i,  ISWJ,  p.  773,  and  G.  F.  Becker,  Ana.  Jour.  Sci.,  vol.  iii,  1887,  p.  21- 
X  BftckstrOm,  op.  cit. 
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tioned.  Similarly,  among  the  more  basic  rocks  we  find  many  which 
correspond  both  chemically  and  mineralogically  to  those  of  Magnet 
Cove.  There  are  also  analogies  with  the  borolanite  of  Teall*  and  the 
malignites  of  I^W8on,t  though  in  both  of  these  K^O  is  relatively  much 
higher.  ' 

DIFFERENTIA  TlOy  ALONG  TWO  LINES 

A  study  of  the  rocks  of  all  these  regions  indicates  that  magmas  rich 
in  soda  tend  to  dififerentiate  toward  the  basic  end  along  two  lines. 
Along  one  there  is  an  accumulation  of  Na,0,  giving  rise  to  such  peculiar 
types  as  the  urtite  of  Kola  with  17  Na,0,  the  sodalite-syenite  of  Kang- 
erdluarsuk  with  Na,0  up  to  14.7,  and  the  sussexite  of  Beemerville  with 
Na^O  11.  Along  the  other  line  iron  oxides  and  lime  J  tend  to  accumu- 
late, giving  rise  at  the  basic  end  to  the  basic  segregations  of  Serra  de 
Monchique,  the  jacupirangites  of  Brazil,  and  similar  rocks  of  Alno.  At 
Magnet  Cove  the  first  branch  seems  to  be  absent,  since  nothing  analo- 
gous to  the  urtites,  etcetera,  is  found  there ;  but,  on  the  other  hand,  the 
iron-lime  branch  is  represented  by  the  ijolites  and  jacupirangites. 

Summary 

The  structure  of  the  complex  is  briefly  described,  and  from  the  evi- 
dence of  form  of  area,  relations  to  surrounding  shales,  the  presence  of 
an  overlying  zone  of  metamorphosed  rocks,  the  arrangement  and  serial 
]>etrographical  and  chemical  characters  of  the  main  types,  together  with 
other  minor  points,  it  is  shown  that  the  igneous  complex  is  probably  a 
laccolith,  and  certainly  a  unit  or  integral  mass  of  intruded  magma.  The 
component  abyssal  types  are  not  due  to  successive  injections,  as  was 
suggested  by  J.  F.  Williams,  but  are  the  products  of  a  diflerentiation 
m  situ  of  the  originally  homogeneous  mass  of  intruded  magma  (**lacco- 
lithic  differentiation  ''  of  Brogger). 

The  main  rock  types  are  briefly  described,  some  new  analyses  being 
given,  and  they  are  shown  .to  form  a  regularly  graded  series,  ranging 
from  foyaite,  through  leucite-porphyry,  shonkinitic  syenite,  normal 
ijolite,  and  biotite-ijolite,  to  jacupirangite.  This  serial  and  common 
genetic  character  is  shown  both  mineralogically  and  chemically.  It  is 
probable  that  the  dikes  of  tinguaite  and  nepheline-porphy  ry  are  aschistic, 
while  those  of  the  monchiquitic  rocks  are  diaschistic. 

•  Home  and  Teall :  Tranft.  Roy.  Soc.  Edinb.,  vol.  xxxviii,  1893,  p.  163. 
t  I^wsoD  :  Bnll.  Dept.  Geol.  Univ.  Cal.,  vol.  i,  p.  337. 

X  MgO  seems  to  be  associated  with  KjO  when  it  is  abundant  together  with  either  of  the  two 
alkalies. 
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The  arrangement  of  the  abyssal  rocks  is  abnormal,  and  diflfers  radically 
from  most  other  cases  of  differentiated  masses,  in  that  there  is  progress- 
ive increase  in  acidity  toward  the  periphery,  the  analogous  case  at 
Umptek,  in  Kola,  being  especially  mentioned.  An  explanation  of  this, 
based  on  a  process  of  fractional  crystallization  or  freezing  of  the  magma, 
which  is  regarded  as  a  solution,  the  solvent  crystallizing  first,  is  given, 
and  the  hypothesis  is  applied  to  other  cases.  It  is  suggested  that  all 
laccoliths  and  similar  masses  of  magma  may  be  referred  to  at  least  four 
different  types,  dependent  on  the  chemical  composition  of  the  magma  as 
a  whole,  the  differences  between  which  would  be  satisfactorily  accounted 
for  by  the  hypothesis. 
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Introductory  Note 

The  follov^ing  article  presents  observations  made  during  a  trip  from 
Monterey  to  San  Luis  Obispo  along  the  intervening  Coast  ranges.  I  was 
accompanied  by  Doctor  H.  W.  Fairbanks,  in  whose  articles  many  of  the 
facts  herein  presented  have  already  been  published,*  and  I  am  indebted 
to  him  not  only  for  pointing  out  the  most  interesting  and  significant 

^* stratigraphy  of  Slate  Springs.    Amer.  Geologist,  vol.  xviii,  1896. 
L.X— Bull.  Gtol.  Soc.  Am.,  Vol.  11.  1899  (417) 
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phenomena  of  the  region,  but  also  for  helpful  discussion  of  their  inter- 
pretation. 

Professor  A.  C.  Lawson  *  has  described  the  geology  of  Carinelo  bay  just 
south  of  Monterey,  a  district  which  adjoins  on  the  north  that  herein 
referred  to  and  which  includes  the  Santa  Lucia  granite,  the  3'oungest 
member  of  the  Coast  complex  hereafter  defined.  My  observations  are  in 
general  in  accord  with  those  made  by  Ijawson  at  Carmelo  bay  and  by 
Fairbanks  farther  south. 

The  present  Scene 

Point  Sur,  a  prominence  of  the  California  coast,  lies  24  miles  south  of 
Monterey.  From  it  the  coast  stretches  57  miles  southeast  to  Piedras 
Blancas.  Along  this  section  extends  the  westernmost  of  the  Coast 
ranges,  locally  known  as  the  Santa  Lucia  range,  which  attains  elevations 
of  4,000  to  5,000  feet.  The  mountains  present  a  bold  front  to  the  ocean, 
precipitous,  it  is  true,  only  near  sealevel  at  isolated  promontories,  but 
generally  steep.  Ravines  gasii  this  front  deeply.  In  general,  the  aspect 
of  the  mountain  slope  is  that  of  mature  topography.  In  detail,  there  are 
variations  of  form  significant  of  successive  episodes  of  uplift. 

Near  Slate  Springs,  35  miles  southeast  of  point,  Sur,  there  are  two 
basal  conglomerates — the  one,  that  which  is  being  formed  by  the  waves 
which  now  dash  against  the  rocky  shore;  the  other,  that  which  was 
similarly  formed  when  they  broke  on  a  shore  of  Mesozoic  date.  The 
j>resent  conglomerate  is  the  beach  ;  the  older  conglomerate  is  the  base 
of  the  Franciscan  or  Golden  Gate  series,  and  rises  in  cliffs  several  hun- 
dred feet  above  the  beach,  the  strata  dipping  70  to  80  degrees  to  the 
southwest  The  present  conglomerate  and  the  older  one  both  consist 
largely  of  pebbles  and  boulders  of  a  still  older  complex,  which  will  be 
called  the  Coast  complex.  On  the  summit  and  eastern  flank  of  the 
Santa  Lucia  range  occur  strata  which  are  much  younger  than  the  Fran- 
ciscan formation.  They  constitute  a  group  whose  members  bring  the 
record  down  to  late  Neocene  (Pliocene)  time. 

The  sequence  thus  briefly  indicated  includes  (1)  the  development 
of  the  Coast  complex ;  (2)  profound  erosion  of  the  Coast  complex ;  (3) 
deposition  of  the  Franciscan  conglomerate,  sandstone,  and  shale ;  (4)  oro- 
genie  movements,  which  resulted  in  deformation  of  the  Franciscan  forma- 
tion ;  (5)  erosion  of  the  Coast  complex  and  Franciscan  rocks,  which  is 
partially  represented  in  later  sediments ;  (6)  evolution  of  the  present 
mountain  system  and  coastal  front. 

y*'T\\e  Geology  of  Carmolo  bay.    University  of  Californin,  Bull,  of  the  Dept.  of  Geology,  vr»l.  i. 
^  pp.  1-50. 
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The  histQiy  is  a  long  one,  extending  from  possibly  the  Paleozoic  period 
to  the  present,  and  a  very  complex  one,  comprising  the  phenomena  of 
sedimentation,  erosion, metamorphism, orogeny, and  perhaps  epeirogeny. 

Pre-Franciscan  History 
coast  complex 

The  Coast  complex  consists  of  crystalline  rocks,  chiefly  metamorphic, 
including  marble,  quartzitic  schists,  mica-schists,  gneisses,  and  granite. 
The  granite  is  intruded  in  the  others  and  did  not  share  their  experience 
of  profound  metamorphism.  The  marble  and  schists  constitute  a  sedi- 
mentary series.  The  gneisses  may  in  part  or  whole  have  had  an  igneous 
origin.  The  whole  has  suffered  defonnation  in  a  deep  zone  of  flow,  re- 
sulting in  structural  and  mineralogical  changes  which  to  a  great  extent 
obscure  the  original  characters  of  the. rocks.  Fairbanks*  has  described 
the  series  somewhat  in  detail  under  the  name  "  basement  complex." 
This  term  is  aptly  applied,  as  the  Coast  complex  is  the  intricate  mosaic 
at  the  base  of  the  geologic  column  in  the  Coast  ranges. 

The  age  of  the  Coast  complex  can  only  be  vaguely  guessed.  It  is  long 
])re-Cretaceous ;  it  may  probably  be  Paleozoic.  The  former  statement 
follows  from  the  age  of  the  succeeding  Franciscan  rocks,  which  are  either 
Eo-Cretaceous  or  Jurassic.  The  Paleozoic  date  is.an  inference  on  the 
uncertain  grounds  of  lithologic  and  structural  similarity  to  the  meta- 
morphic complex  of  the  Sierra  Nevada. 

The  oldest  rocks  of  the  Coast  complex  were  sediments,  either  calca- 
reous muds  or  quartzose  sands.  The  region  of  their  accumulation  was 
therefore  marine,  but  not  so  remote  from  land  as  to  escape  terrigenous 
deposits.  I^nd  was  probably  near,  since  the  sediments  were  buried  to 
tliat  depth  which  conditions  deformation-by-flow  and  recrystallization, 
and  zones  of  such  great  accumulation  of  sediment  are  usually  shore  zones. 

PRE-FRA  NCISCA  N  EROSION 

Pebbles  of  gneiss  and  granite  from  the  Coast  complex  chiefly  compose  " 
the  basal  -foe^i^can  conglomerate.  These  rocks  had  become  surface 
rocks  at  the  inception  of  the  Franciscan  epoch.  The  elevation  of  the 
folded  and  schistose  gneisses  from  the  zone  of  deformation-by-flow  in- 
volved orogenic  or  epeirogenic  movements  vertically  of  great  amount, 
and  corresponding  erosion  of  the  mass.  Thus  in  some  pre- Cretaceous 
epoch  a  land  area  succeeded  to  the  sea  in  this  region,  and  in  Franciscan 
time  its  shore  closely  approximated  the  position  of  the  present  shore. 

^  *  Review  of  our  knowledge  of  the  (geology  of  the  Californift  Coast  raoges.    Bull,  Geol.  Soc,  Am., 
vol.  6,  pp.  lB-%2, 
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The  sediments  resulting  from  the  erosion  of  that  land  have  not  been 
discovered ;  only  the  fact  of  a  great  hiatus  in  the  record  is  obvious  at 
the  unconformity. 

Franciscan  History 
franciscan  stratiqraphy 

The  basal  conglomerate  of  the  Franciscan  series  is  a  very  coarse  shore 
deposit  composed  of  pebbles  and  boulders  up  to  two  or  more  feet  in 
diameter  in  a  sandy  matrix.  The  materials  were  derived  from  the  im- 
mediately adjacent  Coast  complex  upon  which  the  conglomerate  was 
deposited.  The  strata  exposed  in  the  mountain  slope  are  strikingly  like 
the  deposits  which  constitute  the  beach  at  the  base  of  the  cliffs,  and  to 
realize  the  aspects  of  the  Franciscan  coast  the  observer  needs  only  to 
consider  those  of  the  present  coast.  The  Franciscan  was  a  bold  and 
rocky  shore,  against  which  broke  powerful  waves  (see  plates  26  and  27). 

The  stratigraphy  of  the  Franciscan  formation  has  not  been  ascertained 
in  any  of  its  outcrops.  It  comprises  several  lithologic  varieties  with  a  • 
great  range  of  character,  from  the  coarse  basal  conglomerates  to  fine  de- 
posits, partly  organic.  The  mass  of  the  formation  is  sandstone  and  shale. 
A  minor  portion  consists  of  radiolarian  chert  and  limestone.  In  the 
section  at  Slate  Springs  the  thickness  exposed  is,  according  to  Fairbanks, 
about  1,500  feet,  and  grades  from  the  basal  conglomerate  westward  and 
upward  into  arenaceous  black  shales,  with  interbedded  thin  layers  of 
sandstone. 

FRANCISCAN  QEOQRAPHIC  CONDITIONS 

In  the  presence  of  the  Pacific,  one  does  not  question  that  it  was  the 
ocean  who8e  waves  wrought  the  Franciscan  shore.  The  dip  of  the  strata, 
though  nearly  vertical,  is  toward  the  Pacific,  and  bears  out  the  immediate 
inference  that  it  was  the  adjacent  ocean  in  Franciscan  time.  Such  was 
probably  the  fact;  but  as  in  later  epochs  a  water  body  existed  east  of 
this  position,  apparently  with  a  land  area  west  of  it,  it  should  not  be  too 
confidently  assumed  that  this  Franciscan  shore  was  certainly  the  then 
Pacific  coast  of  the  continent.  It  may  have  been  the  eastern  coast  of  a 
western  land. 

NATURE  OF  DEFORMATION 

The  structure  of  the  Franciscan  series  is  complex  and  among  the 
associated  formations  characteristic.  Deformation  has  been  accom- 
plished chiefly  by  fracture,  with  minor  folding.  The  shales  are  generally 
plicated  and  broken  at  acute  bends.  The  sandstones  are  broken  and 
faulted.    The  cherts  are  crushed.    In  many  instances  the  sandstones 
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have  been  crushed  into  small  fragments  and  recemented  by  silica,  forming 
a  lithdlogic  variety  which  is  in  some  degree  characteristic  of  the  forma- 
tion. At  S]ate  Springs  tlie  formation  has  been  tilted  into  a  nearly  vertical 
attitude  by  northeast-southwest  stress,  and  a  distinct  series  of  fractures 
and  faults  has  been  produced  by  a  stress  making  a  large  angle  with  that 
which  produced  the  general  dip. 

The  complexity  of  the  cross  folding  and  faulting  in  the  Franciscan 
series  has  prevented  geologists  from  unraveling  the  detailed  structure. 
The  problem  is  apparently  not  more  difficult  than  that  presented  in  the 
Marquette  iron  region  of  lake  Superior,  and  will  yield  to  patient  investi- 
gation. We  shall  then  know  whether  there  is  one  or  several  strata  of 
radiolarian  chert  and  limestone,  and  be  able  more  adequately  to  under- 
stand the  oscillations  of  sealevel  which  resulted  in  the  variations  of 
stratigraphy. 

Post-Franciscan  History 

CRBTA  CEO  us  LA  ND 

Elsewhere  succeeding  the  Franciscan  in  normal  section  occur  several 
well  known  formations,  namely,  the  Knoxville  and  Chico  of  the  Creta- 
ceous period,  the  Tejon  (Eocene),  and  the  Monterey  (Miocene).  Among 
these  formations  are  several  unconformities  of  greater  or  less  significance 
and  more  or  less  widely  extended  occurrence.  But  in  the  region  under 
discussion,  the  northern  Santa  Lucia  range,  several  of  the  formations  be- 
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tween  the  Franciscan  and  the  Monterey  are  missing,  and  in  the  geologic 
record  there  is  a  corresponding  hiatus  which  is  significant  of  profound 
erosion.  At  Gam  boa  point,  a  few  miles  south  of  Slate  Springs,  the  Fran- 
ciscan formation  occurs  next  to  the  ocean,  extending  from  the  shore  up 
to  an  elevation  of  approximately  3,000  feet  upon  the  spurs  of  the  Santa 
Lucia  range.  The  upper  portion  of  the  range  east  of  this  belt  of  Fran- 
ci.scan  rocks  is  composed  of  the  ancient  Coast  complex.  Gneiss  and 
marble  constitute  the  summit  at  Twin  peak  and  Cone  peak,  4,700  and 
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5,000  feet  above  the  sea  respectively.  The  spurs  immediately  east  of 
the  crest  and  almost  equaling  the  highest  points  in  elevation  consist  of 
a  fine  basal  conglomerate  of  pebbles  from  the  Coast  complex  and  grade 
rapidly  eastward  and  stratigraphically  upward  into  sandstone  and  shale. 
These  strata  are  very  distinct  from  those  of  the  Franciscan  series  out- 
cropping a  mile  or  two  farther  west.  They  are  distinctly  younger  and 
of  comparatively  simple  structural  character.  In  the  opinion  of  Doctor 
Fairbanks  they  are  of  Miocene  age,  since  there  is  no  unconfonnity  be- 
tween these  formations  and  the  characteristic  shales  of  the  Monterey 
formation  overlying  them.  Some  obscure  fossils  collected  by  Doctor 
Fairbanks  and  Doctor  Palache  from  this  locality  have  not  been  carefully 
determined.  In  this  article  the  strata  will  accordingly  be  described  as 
Miocene  (?)  provisionally. 

MIOCENE  (?)  STRA  TIQRAPHY 

Near  the  summit  of  the  range  the  Miocene  (?)  strata  have  a  steep  north- 
eastern dip,  and  descending  eastward  into  the  valley  of  the  San  Antonio 
river  one  traverses  a  section  of  three  distinct  lithologic  members  in  as- 
cending order.  The  lowest  is  the  basal  conglomerate  already  referred 
to  as  resting  on  the  Coast  complex,  and  continuous  with  it  is  an  arena- 
ceous formation  consisting  chiefly  of  coarse  sandstone  with  some  inter- 
bedded  shale.  This  formation  is  roughly  estimated  to  have  a  thickness 
of  800  to  1,000  feet.  These  sandstones  are  followed  by  several  thousand 
ifeet  of  dark  gray  shale  with  occasional  interbedded  sandstone  layers, 
and  these  in  turn  by  several  hundred  feet  of  sandstone,  which  is  coarse, 
ferruginous,  and  at  certain  horizons  conglomeratic.  This  stratigraphic 
sequence  presents  a  simple  record  of  three  steps :  The  'first,  a  transgres- 
sion of  a  sea  upon  an  eroded  surface  of  the  Coast  complex ;  the  second, 
represented  by  the  shales,  a  considerable  subsidence  of  the  sea  bottom 
with  concurrent  deposition  of  fine  material ;  the  third,  agencies  of  trans- 
portation, so  invigorated  as  to  once  more  contribute  the  coarse  sands  and 
pebbles  to  the  sediment. 

OROGRAPHIC  CONDITIONS  OF  THE  MIOCENE  {1) 

A  more  detailed  interpretation  of  the  Miocene  (?)  stratigraphic  record 
may  be  suggested  as  follows :  In  striking  contrast  to  the  very  coarse  con- 
glomerate at  the  base  of  the  Franciscan  formation  is  the  comparatively 
fine  basal  conglomerate  of  the  Miocene  (?)  formations.  The  former  con- 
sists of  pebbles  many  inches  in  diameter — rolled  fragments  of  fresh  rocks. 
The  other  contains  few  pebbles  as  large  as  an  inch  or  two  across,  and 
includes  numerous  subangular  bits  of  feldspar  and  quartz  from  decayed 
rocks.    Both  conglomerates  were  derived  from  the  Santa  Lucia  gneisses 
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and  granites.  The  evidence  is  equally  direct  that  the  Franciscan  coast 
was  abrupt  and  the  Miocene  (?)  coast  was  plain.  It  also  appears  that 
waves  beat  heavily  on  the  Franciscan  cliffs  and  lapped  gently  on  the 
Miocene  (?)  beaches.  The  proportions  of  the  water  bodies  thus  sug- 
gested are  as  the  Pacific  ocean  and  the  bay  of  San  Francisco. 

The  arenaceous  formation  which  succeeds  consecutively  the  basal 
conglomerate  of  the  Miocene  (?)  group  is  of  small  volume  and  arkose 
composition.  It  is  the  product  of  erosion  of  a  surface  possessing  only 
moderate  elevation  and  relief. 

The  considerable  mass  of  gray-black  shale  overlying  the  lower  sand- 
stone is  sediment  such  as  commonly  gathers  in  estuaries  similar  to  that 
which  now  deposits  in  the  southern  portion  of  San  Francisco  bay.  If 
it  be  true,  as  will  presently  be  suggested,  that  the  Miocene  (?)  waters 
were  in  this  district  bounded  on  the  west  by  a  land,  then  the  geographic 
place  of  this  mud  deposit  may  have  resembled  a  larger  San  Francisco 
bay.  The  great  thickness  of  the  formation  accumulated  during  and  in 
consequence  of  equivalent  subsidence. 

The  carious  brown  sandstone  and  conglomerate  overlying  the  shale 
are  in  part  probably  not  immediately  derived  from  those  crystalline 
rocks  which  originally  furnished  the  sand  and  pebbles,  although,  in  so 
far  as  the  formation  is  an  arkose,  it  does  represent  direct  degradation  of 
decayed  rocks  of  the  Coast  complex.  The  conglomerate,  however,  is 
composed  of  pebbles  of  hard,  enduring  minerals,  thoroughly  rounded 
and  worn,  which  apparently  have  been  more  than  once  transported  from 
place  to  place  of  deposit.  Together  with  the  quartzose  portion  of  the 
sands,  they  may  be  detritus  of  a  coastal  conglomerate  or  of  alluvial 
cones.  In  contrast  with  the  preceding  sediment  they  indicate  either 
more  vigorous  subaerial  transportation  or  more  energetic  wave  and  cur- 
rent work,  or  both.  By  adequate  study  the  significance  of  this  member 
and  of  the  two  preceding  it  may  be  fully  deciphered. 

The  structure  of  these  Miocene  (?)  formations  is  that  of  a  flexed  mono- 
cline, the  dips  from  Cone  peak  being  toward  the  northeast  and  ranging 
from  70  degrees  near  the  crest  of  the  range  to  6  in  the  eastern  foothills. 
The  attitude  is  suggested  in  the  sketched  section,  figure  1.  Some  dis- 
tant views  indicated  that  gentle  synclines  were  formed  by  southwestern 
dips  about  the  head  of  San  Antonio  valley,  but  the  observations  were 
not  conclusive. 

RELATION  OF  THE  MIOCENE (f)  AND  MIOCENE  STRATA 

Tnat  range  which  has  thus  far  in  this  paper  been  called  Santa  Lucia 
is  the  western  of  two  ranges  which  bear  the  name.  The  western  extends 
adjacent  to  the  coast  from  point  Sur  to  Morro  bay  (90  miles),  where  it 
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turns  eastward  north  of  San  Luis  Obispo.  A  shorter  range  lies  parallel 
with  and  10  to  15  miles  east  of  the  western.  Between  them  is  the  double 
valley  of  San  Antonio  and  Nacimiento  rivers.  The  eastern  supports 
Santa  Lucia  peak  (5,967  feet),  the  highest  in  either  range.  In  this  article 
it  will  be  distinguished  as  the  Santa  Lucia  Peak  range. 

Having  descended  over  the  Miocene  (?)  sandstone  and  shale  on  the 
eastern  flank  of  the  Santa  Lucia  range,  the  observer  reaches  the  terraced 
flats  of  the  San  Antonio  valley.  Strata  outcropping  here  and  there 
through  later  gravels  lie  at  low  northeastern  dips.  East  of  the  valley 
rises  the  Santa  Lucia  Peak  range,  its  foothills  composed  of  white  shale 
characteristic  of  the  Monterey  (Miocene)  formation.  It  also  dips  north- 
east, overlying  the  upper  sandstone  of  the  Miocene  (?)  group.  Imme- 
diately east  of  the  foothills  rises  the  mass  of  the  eastern  range,  composed 
of  the  ancient  coast  complex.  The  structural  relation  of  the  Monterey 
shale  to  these  oldest  rocks  of  the  district  forcibly  suggests  normal  fault- 
ing, but  the  fault  was  not  demonstrated  by  observation  of  the  contact. 

The  course  of  the  upper  San  Antonio  valley  is  along  the  general  strike 
of  the  Miocene  rocks.  At  a  certain  point,  however,  the  stream  tunia 
abruptly  northeastward,  flows  through  a  short  gorge  in  a  low  range  of 
hills,  and,  entering  a  broad  valley,  resumes  its  course  southeastward. 
The  upper  valley  is  opened  in  soft  Miocene  shale;  the  gorge  is  cut  in 
crystallines  of  the  Coast  complex ;  the  valley  beyond  it  is  developed  in 
shale  and  sandstone  which  are  of  lower  Miocene  (?)  or  Miocene  aj?e. 
The  basal  member  of  the  M  iocene  (?)  group  in  this  section  is  either 
wanting  or  is  much  finer,  much  less  conspicuously  a  conglomeratic  sand- 
stone than  it  is  8  or  4  miles  farther  west.  The  upper  coarse  sandstone 
and  conglomerate  of  the  western  outcrops  also  appears  to  be  replaced  by 
shale  in  part,  if  not  entirely.  Widespread  gravel  deposits  generally 
obscure  the  strata  in  the  lower  San  Antonio  valley,  but  such  outcrops  as 
were  observed  were  of  shale.  This  apparent  change  in  sediments  takes 
place  in  a  short  distance  (as  is  the  case  in  a  water  body  of  moderate  ex- 
panse) and  offshore  from  a  land  which  lay  to  the  west ;  hence  the  in- 
ference that  the  coarser  Miocene  (?)  sediments  were  derived  from  a 
western  land  beyond  the  crest  of  the  Santa  Lucia  range.  If  so,  that  land 
is  now  submerged  beneath  the  Pacific. 

PINK  MOUNTAIN  SECTION;  FRANCISCAN  TO  PLIOCENE 

Where  it  was  crossed  in  the  vicinity  of  Cone  peak  the  western  Santa 
Lucia  range  has  been  described  as  exhibiting  Miocene  (?)  strata  on  the 
eastern  slope,  rocks  of  the  Coast  complex  in  the  summit  and  below  on 
the  west,  and  Franciscan  at  the  western  base.  Thirty-four  miles  south- 
east of  Cone  peak  the  range  was  crossed  a  second  time  from  Nacimiento 
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valley  over  Pine  mountain  to  San  Simeon.  Franciscan  strata  with  in- 
trusives  are  the  oldest  rocks  exposed  in  this  section.  Their  outcrops 
extend  from  the  Pacific  to  the  eastern  base  of  Pine  mountain,  a  width 
of  10  miles  or  more.  Overlying  the  Franciscan  on  the  east,  in  the  valley 
of  the  Nacimiento,  are  coarse  conglomerate  beds  which  closely  resemble 
the  upper  conglomerate  of  the  Miocene  (?)  group.  White  shale  of  the 
Monterey  (Miocene)  succeeds  them  and  is  in  turn  followed  by  the  chalky 
San  Pablo  (marine  Pliocene)  strata.  The  Miocene  and  Pliocene  *  for- 
mations, including  the  conglomerate,  are  involved  in  an  extensive  syn- 
clinorium.  The  structure  was  obvious  in  the  outcrops  passed  over  en 
route  aryi  was  traceable  at  a  distance  in  consequence  of  the  individuality 
of  the  Miocene  (?)  conglomerate  and  especially  of  the  white  San  Pablo 
formation.  A  feature  of  the  distant  landscape  east  of  Pine  mountain  is 
an  isolated  synclinal  height  in  which* San  Pablo  strata  are  maintained 
probably  more  than  2,500  feet  above  sea  (see  plate  28) 

The  magnitude  of  this  synclinorium  argues  for  its  original  develop- 
ment by  simple  subsidence  before  it  was  exaggerated  and  rendered  com- 
plex by  compression.  Such  a  subsidence  has  already  been  inferred  from 
the  Mio<;pne  (?)  formations.  The  broad  facts  of  structure  not  only  sup- 
port the  previous  inference,  but  also  define  the  areal  extent  of  subsidence, 
inasmuch  as  the  axis  of  the  synclinorium  trends  with  the  axis  of  the 
original  depression,  northwest-southeast,  and  the  anticlinorium  of  the 
western  Santa  Lucia  range  presumably  coincides  with  a  district  which 
did  not  share  or  lagged  behind  the  downward  movement. 

From  the  character  and  distribution  of  strata  east  of  the  Santa  Lucia 
range  and  from  their  broad  structural  relations,  it  thus  appears  that  the 
geographic  conditions  of  Miocene  and  Pliocene  time  included  a  bay  or 
strait  northeast  of  a  western  land. 

Pliocene  to  Present 
physiography  of  the  coastal  slope 

The  western  Santa  Lucia  range  in  the  stretch  of  60  miles  from  near  point 
Sur  to  Pine  mountain  carries  no  strata  younger  than  the  Miocene  (?)  sand- 
stones. If  the  district  was  submerged  at  any  time  subsequent  to  the 
Miocene  (?),  whatever  sediments  formed  have  been  eroded.  The  history 
is  therefore  to  be  read  in  the  physiographic  aspects,  of  which  the  western 
slope  of  the  range  bears  the  more  legible  features. 

To  the  writer's  eye  the  Santa  Lucia  range  presents  two  distinct  stages 
of  topographic  development.     An  earlier  is  recorded  in  the  aspects  of 

*  Identified  by  Doctor  Fairbanks. 
LXI^BvLL.  GaoL.  Soo.  Ah.,  Vol.  11,  1899 


426  B.  WILLIS — SOME  COAST  MIGRATIONS,   CALIFORNIA 

higher  slopes,  including  acute  peaks,  sharp  ridges,  and  wide  ravines.  A 
later  is  suggested  in  the  lower  slopes  by  broad  spurs,  canyons,  steep 
scarps,  terrace  remnants,  and  terraces,  the  sequence  leading  down  to  the 
present  ocean  level. 

The  aspect  of  the  higher  slopes,  above  3,200  feet,  more  or  less,  above 
sea,  is  that  of  advanced  maturity.  All  forms  are  acutely  developed. 
Rock  masses  are  sharply  distinguished  according  to  resistance  to  erosion. 
There  are  practically  no  areas  of  gentle  slope  which  might  be  considered 
as  remnants  of  an  earlier  topographic  surface. 

At  a  certain  elevation — that  is,  probably  not  far  from  3.200  feet  above 
sea — a  great  number  of  summits,  ndges,  and  spurs  fall  into  a  level  with 
the  horizon.  Nearly  flat  surfaces,  which,  though  of  moderate  extent, 
are  nevertheless  inconsistent  with  existing  conditions  of  energetic  cor- 
rasion,  survive  here  and  there.  This  expanse  of  elevations  is  interpreted 
as  evidence  of  an  early  lowland,  a  hilly  lowland  possibly,  possibly  a 
plain,  above  which  the  greater  heights  stood  as  monadnocks. 

Below  this  certain  elevation  of  approximately  3,200  feet  the  slope  of 
the  range  toward  the  Pacific  is  comparatively  gentle  down  to  2,000  feet 
or  less  above  sea.  Long  spurs  jut  southwestward,  descending  at  easy 
grades,  or  from  bench  to  bench  by  steps.  Between  the  spurs  deep  wide- 
gaping  ravines  are  sunk,  V-shaped.  Approaching  the  ocean  they  become 
canyons.  This  description  applies  particularly  to  the  spurs  abreast  of 
Gamboa  point  and  to  the  Deyils  canyon.  At  2,000  feet  above  sea,  or 
thereabouts,  the  spurs  end,  some  in  prominent  knobs,  others  in  terrace 
remnants  (see  plate  29),  and  thence  to  the  ocean  the  descent  is  distinctly 
steeper  than  it  is  from  above.  Locally  for  1,500  feet  the  slope  is  probably 
as  steep  as  35  degrees.  No  lower  spurs  jut  ocean  ward,  but  where  canyons 
trend  parallel  to  the  coast  narrow  divides  separate  them  from  the  Pacific. 
On  these  divides  terrace  remnants  are  preserved,  as  may  be  seen  at  Posts, 
between  Big  Sur  valley  and  the  ocean,  at  an  elevation  of  800  to  900  feet, 
and  at  the  mouth  of  Devils  canyon,  1,000  to  1,150  feet  above  sea.  Other 
less  conspicuous  bits  of  terrace  hang  here  and  there  on  the  steep  slope. 
The  final  descent  to  the  sea  is  locally  by  a  precipice  against  whose  foot 
the  surf  dashes.  Elsewhere  a  terrace  intervenes,  20  to  80  feet  above  sea, 
afifording  a  strip  of  pasture  land  which  may  attain  a  width  of  300  yards. 
This  lowest  terrace  bears  a  heavy  deposit  of  boulders  and  gravel,  a  con- 
glomerate probably  of  Pleistocene  age.  Its  face  is  usually  too  steep  to 
climb  from  the  beach  (see  plate  27). 

As  a  working  hypothesis,  the  writer  offers  the  following  reading  of  this 
physiography  of  the  Santa  Lucia  range.  The  site  of  the  Santa  Lucia 
range  was  submerged  in  early  Miocene  (?)  time  and  may  have  been  so 
throughout  later  Miocene  epochs,  but  a  land  area  lay  west  of  it.     During 
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some  late  Miocene  or  early  Pliocene  episode  there  developed  an  eleva- 
tion such  that  the  higher  hills  stood  between  several  hundred  and  2,000 
feet  above  the  then  sealevel.  They  are  now  represented  by  the  peaks 
4,000  to  5,000  feet  above  sea,  which  have  been  described  as  monadnocks. 
During  a  long  episode  of  constant  sealevel,  erosion  produced  a  broad  low- 
land that  still  may  be  recognized  in  the  general  approximation  of  sum- 
mits and  spurs  to  a  uniform  height  of  perhaps  3,200  feet.  Renewed* 
uplift,  amounting  to  1,200  feet  or  more,  led  to  partial  dissection  of  the 
lowland  plain  and  established  the  upper  courses  of  the  present  ravines 
on  the  western  slope.  The  streams  discharging  at  a  level  which  is  now 
2,000  feet  above  sea  may  have  entered  the  ocean  not  far  beyond,  or  at 
some  distance  west  of  the  present  coast.  The  features  of  the  upper  por- 
tion of  the  Santa  Lucia  range  above  2,000  feet  are  apparently  character- 
istic of  subaerial  development  only.  Benches  of  marine  origin  have  not 
been  detected,  and  the  range  may  not  have  been  a  coast  range  during 
its  earlier  history. 

Farther  elevation  of  the  range  to  its  present  altitude  involved  an  uplift 
of  2,000  feet  more.  In  referring  to  this  movement  as.  a  later  stage  of 
development  in  comparison  with  the  earlier  evolution,  there  is  no  inten- 
tion of  describing  it  as  a  simple  episode,  but  as  the  topographic  features 
belonging  to  it  are  distinctly  youthful,  whereas  those  of  the  higher  part 
of  the  range  are  mature,  there  are  two  distinguishable  movements. 

Among  the  features  of  the  later  stage,  attention  is  especially  drawn  to 
the  great  scarp  which  rises  from  the  ocean.  Not  everywhere  equally  bold, 
this  scar))  is  most  conspicuous  south  of  the  Devils  canyon  at  Gamboa 
point,  but  in  many  remnants,  which  are  only  a  little  less  modified  than 
the  gentler  slopes,  it  still  retains  steeps  of  30  to  35  degrees,  and  even  of 
40  degrees.  On  these  the  development  of  gullies  and  landslides  gives 
abundant  evidence  of  the  process  of  recession  which  is  reducing  the  sloije. 
At  the  base  sea  cliffs  here  and  there  mark  the  opposite  effect  of  the  attack 
of  the  waves. 

Among  the  various  possible  types  of  scarps  there  are  but  two  whose 
genetic  conditions  are  consistent  with  the  environment  of  this  one.  ITiey 
are  the  sea  cliff  and  the  fault  scarp.*  To  distinguish  them  on  this  coast 
it  is  desirable  to  describe  certain  types  of  coastal  slope  which  appear  to 
differ  in  conditions  of  development. 

THREE  TYPES  OF  COASTAL  SLOPES 

lliree  types  of  coastal  slopes  may  be  distinguished  between  Santa 
Barbara  and  San  Francisco,  according  to  the  dominant  condition  of 
modeling  which  determined  the  present  aspect  of  the  surface  above  the 
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immediate  coastline.  A  broad  lowland  borders  the  ocean  about  Santa 
Barbara,  extending  from  the  shore  to  the  steeps  of  the  adjacent  coast 
range.  Although  elevated  from  40  to  200  feet  or  more  above  sea,  although 
traversed  by  incised  streamways,  although  built  up  by  alluvial  cones 
from  the  mountain  ravines,  and  in  general  modified  by  various  subaerial 
agents,  the  lowland  represents  a  plain  of  submarine  origin.  It  is  a  sec- 
tion of  sea-bed  elevated  slightly  above  sea.  In  the  development  of  its 
dominant  slope  marine  conditions  controlled,  whereas  deformation  and 
erosion  only  subordinately  affected  its  present  attitude  and  detail.  This 
is  the  first  of  the  three  types  referred  to. 

From  Port  Harford  to  point  Buchon  the  San  Luis  range  stretches  near 
the  coast.  At  its  foot  is  a  marked  marine  terrace,  which  fronts  the  im- 
mediate shore  with  sea  cliffs  from  20  to  80  feet  in  height  and  in  places 
attains  a  width  of  half  a  mile.  Being  a  wave-cut  bench  topped  by 
coarse  conglomerate,  probably  of  Pleistocene  age,  this  terrace  belongs  to 
the  first  type  of  coastal  slope  already  described.  From  the  back  of  the 
terrace  the  mountains  rise  2,000  feet  or  more  in  spurs,  between  which 
are  deep  V-shaped  ravines.  The  horizontal  contours  of  the  relief  are 
those  of  softened  maturity.  The  spurs  are  rounded,  the  ravines  are 
acute.  The  contour  curves  are  convex  toward  the  sea  and  form  sharply 
reentrant  angles  landward.  Seen  against  the  sky  the  profiles  of  the 
spurs  are  in  agreement  with  the  maturit}'  of  contours  in  general,  but  in 
detail  they  are  marked  by  slight  terrace  facets.  Traced  horizontally 
these  terraces  are  so  continuous  and  nearly  level  that  there  is  no  doubt 
they  are  terraces  of  wave  erosion.  The  most  conspicuous  one  is  approx- 
imately 700  feet  above  sea.  The  history  of  this  coastal  slope  of  the  San 
Luis  mountains  is  one  of  subaerial  erosion,  transient  submergence,  and 
emergence.  The  dominant  activity  by  which  it  was  sculptured  was 
erosion.  Marine  erosion  was  a  very  subordinate  influence.  Deforma- 
tion has  had  no  effect  upon  its  form,  except  as  it  has  modified  the  con- 
ditions of  the  other  two  activities.  This  is  the  second  of  the  three  types 
of  coastal  slopes. 

A  third  type  is  thought  to  be  exemplified  on  the  coast  from  point  Sur 
to  Piedras  Blancas,  and  perhaps  most  strikingly  at  Gamboa  point.  The 
steep  front  which  this  coast  presents  oceanward  has  been  described. 
Considered  in  a  broad  way,  its  horizontal  contours  are  gentle  curves, 
which  are  concave  seaward  and  meet  in  prominent  angles  that  are 
capes.  The  shoreline  on  the  accompanying  map  illustrates  this  form, 
which,  however,  in  detail  is  modified  by  the  canyons  cut  across  the 
scarp.  Landslide  benches  and  scarps  and  remnants  of  marine  terraces 
are  subordinate  features  of  the  slope.  As  has  already  been  stated,  this 
steep  may  have  been  either  a  sea-cliff  or  a  fault  scarp. 
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Considered  as  a  sea-clifF,  this  scarp  must  be  supposed  to  have  been 
cut  upon  a  gentler  slope  during  its  elevation  from  a  submarine  position. 
The  work  accomplished  by  the  waves  would  much  exceed  that  recorded 
upon  the  coastal  front  of  the  San  Luis  range,  which  lies  nearly  contigu- 
ous and  exposed  to  the  same  attack.  Marked  terraces  might  be  looked 
for  as  records  of  intermittent  elevation,  whereas  only  discontinuous  and 
very  local  benches  occur.  The  execution  of  such  a  task  of  cliff-cutting 
would  require  long  time,  the  lapse  of  which  should  be  recorded  in  the 
forms  of  subaerial  sculpture,  but  the  youthful  aspects  of  the  scarp  and 
of  the  canyons  traversing  it  do  not  bear  out  the  inference.  Thus  the  in- 
terpretation of  this  coastal  slope  as  a  modified  sea-clifi'  is  in  several  re- 
spects not  in  accord  with  facts. 

Considered  as  a  fault  sc^rp,  the  feature  is  more  readily  understood, 
although  th«  evidence  of  faulting  is  not  conclusive.  Steepness  is  an 
original  character  of  a  fault  scarp,  and  may  in  this  case  be  supposed  to 
have  limited  the  effect  of  wave  erosion  and  to  have  been  favorable  to 
landslides.  Thus  the  subordinate  occurrence  of  marine  terraces  and  the 
dominant  concave  contour  characteristic  of  landslip  scarps  are  explained. 
The  canyons  in  which  the  mature  ravines  of  the  higher  ranges  terminate 
seaward  are  cuts  in  a  coastal  margin  rapidly  raised  above  baselevel,  after 
the  manner  of  a  fault  block  elevated  relatively  to  the  downthrown  block. 
The  uniform  trend  of  the  coast  for  60  miles,  coterminous  with  the  steep 
scarp,  bears  the  character  of  a  fault  line.  The  test  of  this  interpretation 
of  the  physiographic  aspects  may  be  the  determination  of  the  fault  where 
it  runs  ashore.  Northwestward  it  passes  possibly  east  of  point  Sur,and 
thence  beneath  the  ocean.  The  writer  did  not  observe  the  geologic  rela- 
tions near  point  Sur.  Southeastward  the  trend  of  the  supposed  fault 
strikes  the  shore  near  Piedras  Blancas.  The  white  rocks,  which  are  de- 
scribed by  the  Spanish  name,  are  of  Miocene  shale,  and  form  a  small 
area  west  of  the  Franciscan  formation  that  extends  from  the  coast  across 
Pine  mountain.  This  isolated  patch  of  Miocene,  Piedras  Blancas,  has 
the  position  of  a  down  faulted  mass.  The  fault,  not  having  been  traced 
on  the  ground,  can  not,  however,  be  said  to  be  demonstrated. 

The  weight  of  physiographic  and  geologic  evidence  is  clearly  in  favor 
of  a  structural  origin  for  the  bold  scarp  of  the  coast,  at  least  from  near 
Posts  to  Arroyo  San  Carpoforo,  and  it  is  therefore  considered  to  consti- 
tute a  third  type,  in  the  genesis  of  which  deformation  was  the  dominant 
activity,  while  erosion  and  marine  sculpture  played  subordinate  roles. 

INCIDENTS  IN    THE  SCARP-OROWTH 

The  rise  of  this  scarp  from  ocean  level  was  interrupted  by  a  decided 
pause,  which  is  marked  in  a  group  of  marine  terraces  covering  a  space 


430  B.  WILLIS — 80ME  COAST  MIGRATIONS,   CALIFORNIA 

of  100  feet  or  more  in  altitude,  and  occurring  at  Posts  800  to  900  feet,  at 
Devils  canyon  possibly  1,000  to  1,100  feet,  and  at  point  Buchon  approx- 
imately 700  feet  above  sea.  Their  elevation  at  Posts  is  read  from  eon- 
tours  of  Coast  Survey  chart  number  5476.  The  other  altitudes  are  based 
on  aneroid  readings  of  uncertain  value.  These  terraces  are  more 
strongly  marked  and  more  generally  present  than  any  above  or  below 
them,  and  they  have  been  correlated  by  Doctor  Fairbanks  with  a  gen- 
eral elevation  of  hill  summits  about  San  Luis  Obispo  and  throughout 
an  extensive  area  of  the  adjacent  district. 

Along  the  base  of  the  scarp  extend  stretches  of  terrace  now  elevated 
40  to  80  feet  above  sea,  which  are  covered  with  heavy  gravel  deposits 
and  are  tentatively  referred  to  the  Pleistocene.  No  more  definite  date 
has  yet  been  determined  for  them. 

Between  the  monadnock,  Cone  peak, and  the  marine  bench  now  being 
cut  in  the  base  of  the  scarp,  there  is  thus  a  physiographic  record  of  the 
uplift  of  the  Santa  Lucia  range.  The  history  covers  Pliocene  and  Ple- 
istocene time  to  the  present.  Marked  features  of  the  physic^raphy  are 
the  high  monadnocks,  the  upper  dissected  plain  at  3,200  feet  above  sea, 
the  lower  dissected  plain  and  correlated  terraces  at  700  to  1,000  feet 
above  sea,  and  the  Pleistocene  terrace ;  but  the  tnost  striking  physio- 
graphic feature  is  the  great  fault-scarp,  if  such  be  its  true  character, 
dividing  the  upraised  mountain  block  of  the  Santa  Lucia  range  from 
the  downthrown  mass  of  the  western  land,  which  is  submerged  beneath 
the  Pacific. 

Future  observers  will  trace  out  relations  between  the  various  physio- 
graphic features  and  the  marine  and  fresh-water  deposits  of  post-Miocene 
age.  The  sedimentary  and  physiographic  records  are  both  fairly  con- 
tinuous and  legible  in  the  interior  valleys  as  well  as  along  the  coast,  and 
will  yield  a  connected  history  of  the  Coast  ranges  when  studied  in  detail 
with  adequate  maps. 

Summary 

The  outline  of  the  history  since  the  earliest  geologic  conditions  re- 
corded is  summarized  in  the  accompanying  diagram ;  but  one  salient 
fact  needs  here  to  be  emphasized :  Along  this  farthest  Pacific  margin  of 
the  continent  the  present  coast  occupies  a  position  across  which  coasts 
of  earlier  ages  have  repeatedly  migrated,  as  land  or  sea  for  the  time 
being  prevailed.  The  student  of  continental  growth  finds  no  evidence 
of  permanent  encroachment  of  continent  or  ocean  either  upon  the  other. 
The  student  of  mountain  growth,  however,  finds  an  example  of  the  gen- 
eral law  that  the  site  of  an  existing  mountain  range  has  been  occupied 
in  past  ages  by  successive  generations  of  mountain  ranges. 
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Explanation  of  Figure  2 

ConverUimuiuwd  in  diagram.— Time 
18  represented  in  sequence  from  left 
to  right.  A  8  the  total  lapsie  of  ages 
represented  hy  the  record  is  un- 
known and  the  relative  durations 
of  successive  ages  are  indeterm- 
inate, there  is  no  definite  time 
scale;  but  that  portion  of  pre- 
Franciscan  time  represented  was 
probably  much  longer  than  post- 
Franciscan  time.  Tlie  time  scale 
is  therefore  much  smaller  at  the  left 
than  at  the  rij^ht  of  the  diagram. 

Vertical  ordi nates  represent  posi- 
tions in  the  earth's  superficial  crust 
from  a  mile  above  sealevel  to  6  miles 
below  sealevel.  Sealevel  is  arbitra- 
rily taken  as  a  fixed  datum. 

Sequence  of  sea  and  land, — The 
upper  curve  represents  from  age  to 
age  the  varying  relation  of  the  rock 
surface  to  sealevel  in  the  chosen 
locality.  Below  sealevel  the  posi- 
tion of  this  line  results  from  the 
amount  of  subsidence,  less  the 
thickness  of  deposits.  Above  sea- 
level its  position  is  determined  by 
the  amount  of  uplift,  less  the  effect 
of  erosion.  The  values  indicated 
are  to  be  taken  qualitatively,  not 
quantitatively.  The  following  is 
the  interpretation  of  the  several 
lettered  sections : 

0-6.  Submergence;  sedimentation 
corresponding  to  the  strata 
of  the  Coast  complex ;  com- 
prising epochs  probably  of 
great  duration  and  of  com- 
plex phy8ical  changes; 
probably  closed  by  orogenic 
movements  that  resulted^n 
folding  of  the  Coast  com- 
plex in  the  zone  of  defor- 
mation by  flow,  and  were 
connected  with  granitic  in- 
trusions. 
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h-r-d.  Emergence ;  erosion  which  sufficed  to  lay  bare  metamorphic  schists  and 
granite  of  the  Coast  complex,  so  that  these  rocks  entered  the  basal  con- 
glomerate of  the  Franciscan  series  at  the  time  d, 

(l-e.  Submergence ;  sedimentation  corresponding  to  the  Franciscan  series,  of  late 
Juratrias  or  early  Cretaceous  date ;  closed  by  movements  which  gave  rise 
to  deformation  of  the  Franciscan  series  in  the  zone  of  deformation  by 
fracture. 

e-f-g-h,  Emergence;  erosion  following  the  initial  uplift  and  probably  other  move- 
ments corresponding  to  unconformities  among  Cretaceous  and  Eocene 
formations  of  adjacent  sections. 

h-4.  Submergence ;  sedimentation  corresponding  to  the  formations  of  Miocene  (?) 
and  possibly  later  Miocene  (Monterey)  time,  limited  at  an  indeterminate 
date  by  the  initial  rise  of  the  present  Santa  Lucia  range,  but  continaed 
into  Pliocene  time  in  the  adjacent  eastern  district. 

i-j.  Emergence;  corresponding  to  the  initial  rise  of  the  Santa  Lucia  range; 
approximately  1,8(X)  feet 

j-k-L  Pause  in  uplifti  resulting  in  erosion  to  general  lowland  with  monadnocks. 

l-rn-n.  Renewed  uplift  (1,200  feet  =b)  and  erosion,  with  development  of  high  level 
terraces,  now  2»000  feet  ±  above  sea  at  Gamboa  point. 

n-o.  Later  elevation  of  the  Santa  Lucia  range,  a  rise  of  2,000  feet,  probably  aam- 
ciated  with  development  of  coastal  fault  scarp.  This  later  movement 
may  have  been  complicated  by  or  8U(;ceeded  by  oscillations  of  level  of 
several  hundre<l  feet,  apparently  recorded  in  the  San  Luis  Obispo  district. 

PcUh  of  Coast  cojuplex  siralum,— At  the  right  of  the  diagram  at  o  is  represented  a 
point  near  Cone  peak,  5,000  feet  above  sea,  where  there  «is  an  outcrop  of  marble 
and  gneisses  of  the  Coast  complex.  The  lower  curve  represents  the  path  of  these 
sediments  from  their  place  of  deposition  in  the  Paleozoic  (?)  sea  across  the  zones  of 
the  earth's  crust  to  their  present  position. 

a-p.  Subsidence ;  which  carried  the  strata  of  the  Coast  complex  down  to  the  zone 
of  deformation  by  flow. 

p-fj.  Uplift,  accompanied  by  movements  of  compression  and  granite  intrusion. 

</-r.  Subsidence,  corresponding  to  burial  beneath  Franciscan  sediments. 

r-^-h.  Uplift  accompanied  by  deformation  of  Franciscan  formation  and  volcanic 
activity,  probably  distributed  in  several  episodes  with  quiescent  inter- 
vals. At  g  the  particular  strata  of  the  Coast  complex  which  now  out- 
crop at  o  are  assumed  to  be  exposed  and  to  form  part  of  the  surfiu^  upon 
which  the  Miocene  (?)  sediments  were  deposited. 
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Nature  of  the  Work 

In  1897  I  spent  a  month  among  the  mountains  of  the  highland  region 
of  Maine,  ascending  a  number  of  the  higher  peaks,  notably  mount  Abra- 
ham, in  the  Dead  River  plantation,  and  mount  Ktaadn.  The  chief  object 
of  this  expedition  was  to  satisfy  myself,  from  personal  study,  as  to  the 
probable  succession  of  events  near  the  close  of  the  Glacial  Period  in  the 
New  England  region. 

Some  American  writers  have  called  attention  to  the  evidence  of  local 
glaciation  among  the  New,  England  mountains,  but  of  late  years  very 
little  has  been  done  toward  a  study  of  these  phenomena.  Evidence  has 
also  been  brought  forward  seeming  to  prove  that  the  continental  glacier 
passed  from  Canada  across  the  Saint  Lawrence  and  over  the  highest  New 
England  mountains;  yet  certain  Canadian  geologists  have  held  that  the 
I^abrador  glacier  did  not  cross  the  Saint  Lawrence  valley  and  invade  the 
New  England  states,  but  that,  on  the  contrary,  glaciers  spread  out  from 
separate  centers,  both  from  New  England  and  T/xl)rador,  reacliing  toward 
and  into  the  Saint  Lawrence  valley.  The  facts  which  the  Canadiaii  geol- 
ogists have  brought  forward  in  support  of  this  view,  together  with  the 

•  In  this  work  I  wa»  assisted  in  1897  by  R.  1).  EvanH  and  R.  P.  Tarr  and  in  18H9  l>y  J.  O.  Martin 
and  F.  S.  Milla,  all  Cornell  students. 
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evidence  of  local  glaciation  observed  by  Agassiz,  Hitchcock,  and  others, 
seemed  to  me  to  call  for  careful  consideration. 

In  1897  the  expedition  was  devoted  to  a  general  study  of  the  highland 
region  of  Maine,  during  which  o]>portunity  for  detailed  work  in  a  single 
locality  could  not  be  found ;  but  certain  phenomena  suggesting  local 
glaciers  in  the  neighborhood  of  Ktaadn  were  seen  during  this  first  expe- 
dition and  were  made  the  object  of  a  second  expedition  in  June,  1899, 
about  ten  days  being  spent  in  the  woods  at  the  eastern  base  of  mount 
Ktaadn.  Only  a  small  region  could  be  covered  during  the  time  avail- 
able, for  the  difficulties  in  the  way  of  geological  study  in  the  woods  of 
Maine  are  immense.  Much  of  the  traveling  from  place  to  place  consists 
of  long  detours  in  order  to  take  advantage  of  trails  and  water-courses, 
and  when  one  leaves  the  beaten  path  he  knows  not  what  swampy  tracts, 
tangles  of  "  blow-downs,"  or  the  still  more  difficult  "  pucker-bush  "  he 
may  encounter.  Even  where  the  way  is  fairly  open  and  clear,  the  sur- 
face is  so  completely  covered  with  timber  that  details  of  land  fonn  are 
exceedingly  difficult  to  work  out.     Indeed,  Hamlin  stated  that — 

**  Entirely  satisfactory  determination  of  the  nature  of  these  ridges  is  impossible 
while  they  are,  as  at  present,  completely  masked  by  dense  thickets;  but  shoaUi 
fire  hereafter  lay  them  bare,  opportunity  will  be  affoi'ded  for  tliorough  examina- 
tion before  a  new  growth  springs  up." 

While  it  is  not  necessary,  as  Hamlin  has  suggested,  for  fires  to  clejir 
the  surface  in  order  that  proof  of  valley  glaciers  may  be  seen,  it  is  safe 
to  say  that  no  very  large  amount  of  detailed  work  in  glacial  geology  will 
be  possible  in  this  part  of  Maine  so  long  as  the  present  forest  cover 
obscures  the  surface. 

During  the  two  expeditions,  aside  from  a  visit  to  other  parts  of  Maine, 
including  the  ascent  of  several  mountains,  Ktaadn  was  ascended  four 
times  along  diff<erent  routes,  and  a  part  of  the  region  near  the  eastern 
base  was  carefully  examined. 

Glaciation  of  the  high  Mountains 

From  the  Adirondacks  eastward  and  northeastward,  far  u[)  into  north- 
eastern Maine,  there  is  a  mountain  barrier,  broken  here  and  there  by 
numerous  low  passes.  From  this  highland  region  northward  the  land 
descends  by  a  distinct  slope  to  the  Saint  Lawrence,  and  then  rises  toward 
the  Labrador  region,  where  there  is  «  highland  of  moderate  elevation. 

It  is  natural  to  suppose  that  such  a  barrier  would  have  interfered 
with  the  passage  of  a  glacier  having  its  origin  in  the  Labrador  region. 
In  fact,  one  of  the  most  difficult  conceptions  that  I  have  had  to  consider 
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in  glacial  geology  is  that  of  the  passage  of  an  ice-sheet  over  a  highland 
barrier  of  such  extent  and  elevation  as  that  of  New  England  ;  yet  proof 
of  this  passage  seemed  complete.  Evidence  from  the  Adirondacks  and 
from  the  Green  mountains*  shows  that  the  ice-sheet  rose  well  up  toward 
the  top  of  these  mountains,  if  in  fact  it  did  not  override  the  highest 
peaks.  In  the  White  mountains,  the  highest  of  all  in  this  mountain- 
barrier  region,  Hitchcock  f  has  found  transported  pebbles  at  the  height 
of  6,100  feet.  On  mount  Ktaadn  transported  fragments  have  been 
found  by  different  observers  at  various  elevations,  although  Hamlin,  J 
who  found  them  at  the  highest  point,  did  not  discover  any  above  an 
elevation  of  4,615  feet.  Indeed  Upham,  from  his  study  of  the  litera- 
ture, §  announces  that  Ktaadn  projected  its  peak  above  the  mer  de  glace. 

To  this  evidence  of  previous  workers  I  am  able  tp  add  one  or  two  fur- 
ther observations  concerning  the  glaciation  of  the  high  mountain  tops 
of  New  England.  About  midway  between  Ktaadn  and  mount  Washing- 
ton, in  the  Dead  River  plantation,  is  a  mountain  called  mount  Abraham, 
which  reaches  an  elevation  of  about  4,000  feet.  From  its  crest  mount 
Washington  may  be  seen  to  the  southwest  and  mount  Ktaadn  to  the 
northeast.  This  peak  rises  distinctly  higher  than  any  of  the  surround- 
ing mountains,  and  in  fact  is  one  of  the  highest  in  Maine.  On  ite  crest 
are  found  not  only  numerous  small  fragments  of  transported  rock,  but 
even  large  boulders.  One  particularly  large  foreign  erratic,  several  tons 
in  weight,  may  be  seen  along  the  trail ;  and  on  the  very  crest,  near  the 
cairn,  I  picked  up  several  distinctly  foreign  pebbles  of  a  stratified  rock, 
entirely  different  from  the  gneissic  and  schistose  layers  of  the  mountain 
itself. 

While  ascents  of  other  lower  mountains  were  made,  and  in  each  case 
transported  fragments  found,  one  does  not  need  to  climb  to  the  crests  of 
these  lower  peaks  in  order  to  obtiiin  evidence  that  they  were  overridden 
by  an  ice-sheet  moving  from  the  north.  Their  form  proves  this  conclu- 
sively, for  the  stoss  side  is  strikingly  smooth  and  rounded,  while  the  lee 
side  is  prevailingly  steep,  and  at  times  very  precipitous.  This  is  so 
prominent  that  it  attracted  the  attention  of  Thoreau  during  his  journeys 
through  the  Maine  woods.  Further  reference  is  made  to  this  feature  of 
the  mountains  in  a  latter  part  of  this  paper. 

During  the  first  ascent  of  mount  Ktaadn  the  highest  peak  was  not 
reached.  While  the  ascent  of  the  high  North  peak  was  being  made  the 
clouds  closed  in  around  the  still  higher  South  peak ;  but  on  this  climb 

*  Upham  :  Amer.  Geologi»t.  vol.  iv,  188<i,  pp.  165  and  205. 
tProc.  Amer.  Assoc.  Adv.  rtci.,  vol.  xxiv,  part  ii,  1875,  pp.  92-00. 
1  Bull.  Museum  Comp.  Zoology,  vol.  vii,  1881,  pp.  189-223. 
'i  Upham  :  .\mer.  Geologist,  vol.  iv,  1889,  pp.  Hi5  and  205. 
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many  transported  pebbles  were  found  on  the  north  peaks,  the  highest  of 
which  is  4,700  feet  in  elevation.  The  second  expedition  to  the  top  of  the 
mountain  was  over  Pamola  (see  plate  31),  which  is  also  distinctly  lower 
than  South  peak.  While  a  careful  search  for  transported  pebbles  was 
not  made  there,  because  the  mountain  is  so  much  lower  than  South  peak, 
the  fact  that  in  making  this  journey  none  were  seen  would  prove  that  they 
are  at  least  much  less  abundant  than  on  North  and  South  peaks;  for 
one  does  not  need  to  search  with  marked  care  on  these  peaks  in  order  t^) 
find  transported  fragments.  The  only  explanation  that  I  am  able  to  sug- 
gest for  their  scarcity  or  absence  from  Pamola  is  the  prevailing  steei)- 
ness  of  the  slope  in  all  directions,  which  might  well  have  permitted  the 
larger  number  of  imported  fragments  to  have  been  carried  away  since 
the  ice  left  them  there.  The  more  gentle  slope  of  the  crests  of  North 
and  South  peaks  is  much  more  favorable  to  the  retention  of  these  trans- 
ported fragments. 

On  the  third  expedition  to  the  top  of  mount  Ktaadn,  which  by  one 
measurement  was  shown  to  have  an  elevation  of  5,150  feet,*  both  Mr 
Martin  and  I  found  transported  pebbles  all  the  way  from  the  base  of 
South  peak  to  its  very  crest.  In  the  course  of  the  climb  from  the  plateau 
to  the  crest  of  South  peak,  no  less  than  two  or  three  hundred  transported 
fragments  were  seen.  They  were  so  numerous  that  we  did  not  find  it 
necessary  to  search  carefully  for  them,  and  on  reaching  the  crest,  witiiin 
20  feet  of  the  cairn  marking  the  highest  point  on  Ktaadn,  three  frag- 
ments were  found,  and  others  could  doubtless  have  been  obtained  had 
we  searched  for  them. 

The  mountain,  as  shown  by  Hamlin,  consists  entirely  of  granite,  which 
in  unprotected  portions  has  been  much  disintegrated  by  frost.  There  are 
places  where  one  travels  entirely  on  these  broken  fragments  of  Ktaadn 
granite.  This  is  especially  true  of  the  serrated  and  very  rough  ridge  be- 
tween South  peak  (Ea«t  peakof  Hamlin,  plate  31)and  Pamola,  where  one 
would  doubtless  have  difficulty  in  finding  foreign  pebbles.  South  peak 
(West  peak  of  Hamlin,  plate  31)  slopes  rather  gently  toward  the  north; 
in  fact,  there  are  [)atches  on  it  where  the  granite  rock  is  partially  covered, 
and  it  was  in  these  places  that  the  foreign  pebbles  were  found  to  be  most 
abundant.  They  consist  in  some  cases  of  schists,  in  others  of  slaty  rocks 
resembling  argillite,  and  in  still  others  of  sandstones.  There  can  be  no 
question  as  to  their  derivation  from  a  distance,  and  this  derivation  must 

•Tlio  elevation  of  the  mountain  was  obtained  by  an  aneroid,  with  corrections  for  Tariation-s  in 
atmoKpherio  pre»>sure.  In  making  tiie  oorrt'ctions  the  record  kept  at  tlie  nearent  weather  Xhitcau 
station,  at  Kastport,  Main<»,  was  used.  Owing  to  tlie  diHtance  between  Ktaadn  and  Eastport.  tlii» 
measurement  can  not  be  considered  to  be  accurate,  thotigii  it  differs  from  Feruald's  byonlyfw 
feet.  Tiie  other  elevations  were  alno  made  by  aneroid,  but  the  time  occupied  in  making  them  wa? 
»o  brief  that  they  may  be  considered  to  Ihi  approximately  correct. 
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have  been  from  a  lower  point.  To  the  north  of  Ktaadn  there  are  meta- 
morphic  and  stratified  rocks  similar  to  these,  and  the  origin  of  the  frag- 
ments is  naturally  inferred  to  be  from  that  source. 

It  seems  hardly  necessary  at  the  present  time  to  state  the  reason  for 
assuming  a  northern  origin  rather  than  some  other;  yet  since  there  are 
some  who  might  perhaps  suggest  that  Ktaadn  was  glaciated  from  the 
high  mountains  of  northern  New  Hampshire,  a  word  may  be  said  on 
this  point.  The  White  mountains  are  the  only  other  highland  in  New 
England  from  which  glaciers  could  originate  that  could  cover  Ktaadn  ; 
but  this  source  is  proved  to  be  impossible  by  the  strise  and  by  the  shape 
of  the  glaciated  hills,  all  of  which  point  to  a  north-south  movement  of 
the  ice. 

From  this  study  it  is  proved  that  even  Ktaadn  did  not  rise  above  the 
glacier  during  its  maximum  extent,  as  has  been  assumed.  The  reasons 
for  the  belief  that  Ktaadn  reached  above  the  ice  have  been,  first,  tjie 
authority  of  previous  observers,  who  have  not  discovered  transported 
fragments  upon  the  highest  points,  and,  secondly,  the  marked  angularity 
and  ruggedness  of  portions  of  the  crest  of  mount  Ktaadn,  especially  that 
between  South  peak  and  Pamola. 

The  discovery  of  foreign  fragments  on  the  highest  point  settles  the 
question  as  to  the  ice  covering,  but  a  further  word  concerning  angularity 
of  mountain  crests  may  not  be  out  of  place.  The  angular,  rugged  part 
of  Ktaadn  is  not  only  above  the  zone  of  trees,  but  its  topography  is 
such  as  to  permit  rapid  disintegration.  It  is  really  a  ridge,  in  places 
so  narrow  that  when  the  wind  blows  strongly,  people  whp  have  crossed 
from  South  peak  to  Pamola  have  been  known  to  crawl  on  their  hands 
and  knees.  Under  such  conditions  frost  action  works  rapidly,  since  the 
fragments  loosened  are  quickly  removed  by  wind  or  water,  and  the  break- 
ing up  of  the  granite  naturally  produces  a  ruggedness  of  the  surface. 

Another  reason  for  tlie  ruggedness  is  the  fact  that  this  part  of  the  moun- 
tain was  somewhat  protected  from  ice  action  by  the  barrier  of  the  North 
and  South  peaks,  so  that  it  did  not  receive  much  scouring  and  rounding. 
Indeed  the  entire  crest  of  Ktaadn  could  not  have  been  greatly  eroded, 
because  it  rose  high  up  into  the  ice  above  the  zone  of  maximum  ice  ero- 
sion. Doubtless  the  glacial  currents  swept  around  Ktaadn,  as  we  know 
that  they  do  around  partially  and  completely  buried  nunataks  in  the 
Greenland  glacier.  Moreover,  these  high  points  have  been  long  exposed, 
having  for  a  while  projected  as  nunataks  above  the  surface  of  the  sur- 
rounding ice-sheet,  so  that  weathering  and  erosion  have  been  able  to 
produce  much  more  distinct  effects  than  on  the  lower  mountains,  which 
w^ere  covered  by  the  ice  for  a  longer  time,  and  most  of  which  are  now  pro- 
tected by.  a  timber  cover. 


438  R.  S.  TARR — GLACIATION   OF   MOl^NT    KTAADX,   MAINE 

But  even  without  considering  these  latter  causes  for  angularity  of  high 
peaks,  one  does  not  need  to  marvel  that  an  elevated  mountain  ridge, 
narrow  and  projecting  above  the  timber  line,  should  have  been  rendered 
rugged  by  the  rapid  erosion  which  is  in  progress  on  lofty  mountain  top^. 

From  the  observations  that  have  been  brought  forward  by  different 
observers,  there  appears  no  escape  from  the  conclusion  that  an  ice-sheet 
moving  from  the  north  overtopped  the  highest  peaks  of  the  Adirondacks, 
the  loftiest  mountains  among  the  Green  mountains,  mount  Washington, 
mount  Ktaadn,  and  all  the  lower  mountains  of  northern  New  England. 
Here  is  a  perfect  cordon  of  mountain  peaks,  a  barrier  to  the  on-moring 
ice-sheet,  but  nevertheless  overcome  by  it ;  and  it  appears  certain  that 
the  facts  which  the  Canadian  geologists  have  brought  forward  roust  be 
explained  in  some  other  way  than  by  the  elimination  of  the  continental 
glacier.  I  believe  that  its  explanation  is  at  hand,  having  been  suggested 
by  Hitchcock,  although  little  attention  seems  to  have  been  paid  to  the 
suggestion* 

Previous  ANNoaNCEMENTs  of  Valley  Glaciers 

A  number  of  observers  have  presented  evidence  of  fonner  valley  gla- 
ciers among  the  mountains  of  New  England,  especially  in  the  early  days 
of  the  study  of  glacial  geology,  though  of  late  years  very  little  work  luw 
been  done  in  that  direction.  Doubtless  some  of  these  early  observationjj 
were  based  on  the  confusion  of  deposits  from  the  main  icesheet  with 
those  from  supi)08ed  valley  glaciers;  but  other  observations  certainly 
represent  accurate  correlation  of  glacial  deposits  with  valley  glaciers. 
Among  the  suggestions  of  local  glaciers  in  New  England  one  of  the  very 
earliest  was  that  of  Edward  Hitchcock.f  Professor  C.  H.  Hitchcock  t  ^^^ 
published  further  proof  of  ancient  glaciers  in  Maine  and  Vermont. 
In  later  publications  §  Professor  C.  H.  Hitchcock  has  again  and  again 
presented  evidence  of  local  glaciers  in  New  England,  and  in  his  lata^t 
pa|)er,  II  in  which  he  has  once  more  called  attention  to  the  evidence  of 
glaciation  in  the  Green  mountains  and  the  mountains  of  New  Hampshire 
and  of  Maine,  he  suggests  the  possibility  of  the  contemporaneity  of  local 
glaciers,  from  several  large  centers,  with  the  "  Champlain  "  depression 
of  the  land  in  the  Saint  Lawrence  vallev.    The  work  of  Hitchcock  in 


*  Bull.  Geol.  Hoc.  Am.,  vol.  7,  1896,  pp.  3,  4. 

fSmithsonian  Contributions,  vol.  ix,  18r»6,  art.  iii,  p.  I3fi. 

X  Proe.  Amor.  As.hoc.  Adv.  8oi.,  vol.  xiii,  1859,  pp.  32SH33o. 

^  <  jeulogy  of  New  Hampshire,  vol.  i,  1874,  pp.  r)39-544  ;  same,  vol.  iii,  1878,  pp.  I8l-d4();  Proc,  Arnvr. 
Assoc.  Adv.  8ci.,  vol.  xxiv,  part  ii,  187o,  pp.  92-90 ;  Bull.  <ieol.  Soc.  Am.,  vol.  7,  1«Ih;,  pp.  3.  4;  Vn- 
liniinary  Report  on  the  Natural  History  and  Geology  of  Maioe  (Sixth  Ann.  Kept.  Maine  Board  of 
Agriculture,  1861),  p.  393. 

8  Bull.  Geol.  Soc.  Am.,  vol.  7. 189G,  pp.  3,  4. 
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this  connection,  especially  that  in  his  Geology  of  New  Hampshire,  will, 
when  the  glacial  geology  of  New  England  is  more  fully  worked  out,  need 
to  be  considered  as  a  prominent  contribution  to  glacial  geology. 

When  Agassiz  first  came  to  this  country  he  detected  what  he  believed 
to  be  evidence  of  valley  glaciers  among  the  mountains  of  New  England, 
and,  though  he  did  not  until  later  publish  fully  upon  them,  he  was  one 
of  the  first  to  definitely  suggest  valley  glaciers  for  that  region.  His 
papers  on  that  subject*  contain  one  of  the  clearest  statements  of  the 
evidence  of  these  valley  glaciers  that  I  have  seen,  and,  granting  the  cor- 
rectness of  his  observations,  they  would  seem  to  prove  conclusively  that 
such  glaciers  did  exist  there.  Important  contributions  to  the  subject  of 
valley  glaciers  in  these  mountains  have  been  made  by  Packard,t  Vose,t 
and  Dana.§  The  latter  author  assigns  many  of  the  so-called  evidences 
of  valley  glaciers  to  the  influence  of  topography  upon  the  ice  currents. 

Hamlin  II  suggests  that  the  location  of  a  chain  of  three  ponds  (plate 
31)  near  the  foot  of  mount  Ktaadn  is  significant  of  local  glaciers,  being 
situated  just  where  terminal  moraines  of  glaciers  issuing  from  the  basins 
would  naturally  occur.  He  concludes,  however,  that  entirely  satisfac- 
torv  determination  of  these  deposits  is  impossible  while  they  are  so 
completely  masked  by  dense  thickets.  This  suggestion  of  valley  glaciers, 
made  by  Hamlin,  naturally  occurs  to  one  as  he  looks  from  the  top  of 
Ktaadn  into  the  North  and  South  basins  and  notes  the  tiny  ponds, 
apparently  nestling  in  the  midst  of  an  irregular  morainic  topography 
(see  plate  32. )  This  suggestion  likewise  occurred  to  me  during  my  first 
visit  to  Ktaadn,  and  it  was  primarily  for  the  study  of  this  region  that  I 
returned  to  Ktaadn  in  1899. 

Topography  of  Mount  Ktaadn 

The  general  topographic  features  of  Ktaadn  are  well  illustrated  in 
Hamlin's  model,  which  is  here  reproduced  (see  plate  31)  from  an  illus- 
tration in  his  paper  referred  to  above.  The  mountain  rises  far  above 
the  elevation  of  any  surrounding  land,  reaching  well  above  the  timber 
line.  From  the  north  side  the  ascent  is  rather  gradual,  but  from  the 
south  side  the  mountain  rises  as  a  great  block  from  the  lowland  of  the 
West  branch  of  the  Penobscot,  the  grandest  mountain  in  New  England. 

•  Proc.  Amer.  Abboc.  Adv.  Sci.,  vol.  xix,  1870,  pp.  161-1C7  (reprinted  in  Amer.  Ntitiiralist,  vol.  iv, 
1H71,  pp.  STiO-SSS) ;  Oeological  Sketches,  vol.  ii,  1890,  pp.  101-152. 

t  Anner.  Jour.  Sci.,  vol.  xliii,  18ii7,  pp.  42;  Amer.  Nat.,  vol.  i,  1808,  pp.  2fiO-2«». 
I  Amer.  Nat.,  vol.  ii,  18«9,  pp.  281-291. 

I  Amer.  Jour.  Sci.,  ser.  lii,  vol.  ii,  1871,  pp.  23:j-243,  305  ;  name,  vol.  v.  187:4,  p.  198. 
I  Bull.  Museum  Comp.  Zoology,  vol.  vii,  1881,  p.  219. 
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The  main  part  of  the  elevated  portion  of  the  mountain  is  occupied  by 
the  "tableland"  (see  plate  31),  from  which  several  spurs  extend  as 
divides  between  stream  valleys  heading  on  the  mountain  top.  In  places 
this  tableland  is  remarkably  level ;  but  on  the  northern  side  it  gradually 
merges  into  a  zone  of  moderate  irregularity,  beyond  which  there  are 
four  peaks — the  North  peaks,  located  on  the  crest  of  a  broad  ridge.  The 
northernmost  of  these  has  an  elevation  of  4,650  feet,  the  second  of  4,625 
feet,  and  the  two  southern  ones  each  an  elevation  of  4,700  feet.  From 
the  crests  of  these  peaks,  as  from  the  edge  of  the  tableland,  one  looks 
toward  the  east  into  two  immense  basins,  called  respectively  the  North 
basin  (see  plates  33  and  34),  lying  at  the  base  of  the  North  peaks,  and 
the  South  basin  (see  plates  32  and  35).  For  a  considerable  distance  the 
South  basin  is  inclosed  between  the  walls  of  the  tableland ;  but  at 
its  southern  side  rise  the  highest  peaks  of  the  mountain,  commonly 
called  the  South  peaks  (East  and  West  peak  on  plate  31),  which  reach  an 
elevation  of  5,150  feet,  or  860  feet  above  the  tableland,  whose  elevation 
is  4,290  feet.  From  the  high  South  peak  there  extends  as  the  southern 
wall  of  the  South  basin  the  exceedingly  narrow  and  rugged  ridge  already 
described,  which  reaches  the  last  remaining  peak  of  Ktaadn,  Pamela, 
whose  elevation  is  4,760  feet. 

So  far  as  the  mountain  top  is  concerned,  it  consists,  therefore,  of  a  broad 
area  of  rather  level  land  and  a  number  of  peaks  with  moderate  slopes. 
What  the  conditions  are  on  the  southwestern  and  western  sides  of  Ktaadn 
I  can  not  say  in  detail,  not  having  examined  that  region  carefully;  but 
toward  the  east  there  is  some  striking  topography.  From  Pamola,  juwt 
the  South  peak  and  as  far  as  the  North  peak,  a  distiince  of  several  miles, 
the  eastern  and  southern  walls  of  the  mountain  are  everywhere  precipi- 
tous and  in  places  inaccessible.  This  precipitous  wall  is  interrupted  by 
a  spur  from  one  of  the  North  peaks,  which,  together  with  the  spur  of 
Pamola,  incloses  the  broad  South  i)asin  (see  plate  30),  while  to  the  north 
of  the  spur  is  the  smaller  North  basin. 

Concerning  these  basins  Hamlin  writes  as  follows: 

**  The  Great  basin  (the  South  basin),  in  its  whole  extent,  forms  an  anipliitheater, 
which,  seen  from  above,  strongly  resembles  an  old  volcanic  crater.  In  the  absence 
of  trigonometrical  measurements,  its  dimensions  cannot  be  accurately  stated ;  bnt 
they  may  he  approximately  given  scr  from  summit  to  summit  east  and  went  two 
and  a  half  miles,  hy  a  mile  and  a  half  from  north  to  south.  Its  most  precipitou? 
part,  the  southern  lobe,  measures  from  its  head  to  the  Basin  Pond  about  three- 
fourths  of  a  mile,  and  its  width  is  nearly  the  same.  The  smaller  North  Basin 
approaches  in  sha|>e  the  capital  letter  U,  and  is  about  a  mile  and  a  half  !on{<  aiiil 
half  as  wide,  fronting  a  little  south  of  east.  The  larger  basin  has  a  narrow  Rate- 
way  opening  to  the  northeast."  . 
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In  both  the  South  and  North  basins,  and  also  below  their  entrance,  are 
a  number  of  lakes,  whose  location  is  shown  on  the  accompanying  model 
(see  plate  31).  As  one  looks  down  from  any  part  of  the  wall  of  either 
the  South  or  North  basin,  his  eye  rests  on  an  irregular  floor,  which  has 
every  appearance  of  being  a  moraine  (see  plates  32  and  39),  and  which 
is  dotted  with  numerous  small  lakes,  ponds,  and  swamps. 

Evidence  of  Valley  Glaciers 

In  preface  to  this  section  it  is  well  to  call  attention  to  the  present 
climatic  conditions  of  Ktaadn.  Throughout  the  winter  the  mountain 
is  deeply  snow-covered,  and  the  winds  whirl  vast  quantities  of  snow  into 
the  basins.  So  deep  is  the  snowdrift  that  in  both  the  North  and  South 
basins  large  snow  banks  still  remained  on  June  27  (see  plate  33),  and 
seemed  liable  to  remain  for  a  week  or  two  longer.  In  September  the 
snow  commences  to  fall  again,  and  in  fact  snow  squalls  occur  through- 
out the  summer.  It  snowed  while  our  party  was  on  the  mountain,  on 
June  26.  A  very  slight  change  in  the  climate,  through  increased  eleva- 
tion or  decrease  in  the  mean  annual  temperature,  would  bring  about 
conditions  of  glaciation  on  Ktaadn  at  present. 

That  valley  glaciers  have  descended  from  the  tableland  and  from  the 
various  peaks  into  the  South  and  North  basins  no  one  will  question  who 
has  seen  the  evidence,  which  is  very  clear  and  of  different  kinds.  In  the 
first  place,  the  remarkable  smoothness  of  the  precipitous  rock  walls  (see 
plates  34  and  35)  is  evidence  that  they  have  been  only  recently  exposed  to 
the  weather.  The  difference  in  appearance  between  these  slopes  and  the 
same  rocks  upon  the  mountain  top  is  very  noticeable.  They  are  so  pre- 
cipitous that  extensive  avalanches  (see  plate  34)  frequently  occur,  several 
having  fallen  within  the  last  few  years.  Moreover,  the  walls  are  exposed 
to  vigorous  frost  action,  to  heavy  water  action,  and  to  fierce  winds ;  yet 
the  amount  of  weathering  since  they  were  exposed  to  the  air  has  been 
exceedingly  slight.  While  no  glacial  scratches  were  detected  and  no 
polishing  that  was  evidently  due  to  ice  action,  the  very  smoothness  of 
the  walls  and  the  minute  development  of  talus  at  the  base  of  the  cliffs 
are  striking  evidences  that  the  walls  have  not  long  been  open  to  the  air. 

The  resemblance  between  the  steep,  smooth  walls  of  these  basins  and 
the  sides  of  certain  valleys  in  the  Nugsuak  peninsula  of  Greenland,  from 
which  the  glaciers  are  just  now  leaving,  attracted  my  attention  at  once. 
In  that  portion  of  Greenland  there  are  places  from  which  the  glaciers 
have'almost  entirely  withdrawn,  leaving  in  their  place  either  entirely 
stagnant  snow  patches,  which  protect  the  rock  from  the  frost,  or  else 
almost  stagnant  hanging  glaciers,  which  scarcely  deserve  the  name  gla- 

LXIII— BrLi..  OtOL.  Soc.  An.,  Vol.  H,  1899 


442  R.  8.  TARR — GLACIATION   OF   MOUJJT   KTAADN,   MAINE 

cier.  This  close  resemblance  suggested  to  me  that  the  walls  of  the  South 
and  North  basins  were  just  recovering  from  the  blanket  of  snow  which 
is  the  immediate  successor  of  the  dying  valley  glacier. 

A  second  and  more  definite  class  of  evidence  of  valley  glaciers  is  the 
moraine  deposit.  This  is  very  much  more  clearly  shown  in  the  North 
than  in  the  South  basin,  because  of  the  absence  of  trees  in  the  former. 
The  entire  basin  away  from  the  inclosing  walls  is  occupied  by  a  distinct 
hummocky  moraine  (see  plate  35),  with  kettles,  in  at  least  two  of  which 
there  are- ponds.  This  moraine  is  strewn  with  boulders,  nearly  all  of 
which  are  of  the  Ktaadn  granite,  the  number  of  foreign  fragments  being 
exceedingly  limited.  The  resemblance  between  this  moraine  and  that 
of  Dogtown  Common,  Cape  Ann,  Massachusetts,*  is  very  striking. 

There  is  also  a  well  defined  lateral  moraine  upon  the  southern  side, 
where  it  stands  as  a  bench  against  the  granite  wall  of  the  basin,  above 
which  the  bare  rock  of  the  mountain  is  clearly  seen.  This  lateral  mo- 
raine merges  into  what  appears  to  be  a  medial  moraine,  extending  into 
the  forest  and  joining  with  a  lateral  moraine  from  the  South  basin.  The 
denseness  of  the  stunted  tree  growth  at  this  place,  and  the  difficulty  of 
travel  through  it  made  it  impossible  to  determine  the  nature  of  this 
ridge  with  certainty ;  but  its  position  and  form  suggest  a  medial  moraine, 
and  its  association  with  other  evidences  of  valley  glaciers  was  such  as 
to  make  this  determination  almost  certain.  Upon  the  north  side  of  the 
North  basin  the  lateral  moraine  is  not  well  defined  within  the  basin 
proper,  although  a  distinct  ridge  is  traceable  from  near  the  mouth  of  the 
basin  out  into  tlie  forest.  Although  very  high,  almost  too  high  for  such 
a  moraine,  this  does  not  appear  to  be  a  rock  ridge,  nor  is  it  in  line  with 
the  undoubted  rock  ridges  of  the  basin.  I  should  not  wish  to  pronounce 
it  positively  a  lateral  moraine,  though  I  fail  to  see  any  other  explana- 
tion for  it. 

In  the  South  basin  the  tree-cover  prevented  the  clear  recognition  of 
moraines  in  a  part  of  the  basin  ;  but  enough  could  be  seen  to  prove  that 
it  has  an  irregular,  hummocky  floor,  largely  composed  of  boulders  of 
Ktaadn  granite. 

Near  the  basin  entrance,  just  below  the  Basin  pond,  which  is  in  one 
of  the  kettles,  there  is  a  "dry  pond,"  in  which  the  evidence  of  moraine 
form  is  clearly  shown  (plate  36).  The  low  hills  inclosing  this  dry  pond 
are  rugged,  and,  so  far  as  the  surface  shows,  composed  almost  entirely  of 
boulders  (see  plate  37),  so  that  traveling  over  it  is  exceedingly  difficult, 
some  of  the  boulders  attaining  a  very  large  size.  The  *'  dry  pond  "  is  a 
kettle  in  the  midst  of  these  boulder-covered  hills,  and  that  its  bed  in 


♦See  Shaler  :  Ninth  Annual  Report  U.  S.  Geol.  Survey,  p.  546 ;  Tarr  :  Amor.  Jour.  Sci.,  toI.  cxliu- 
1892,  p.  141. 
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also  made  of  similar  boulder  accumulations  is  proved  by  the  fact  that, 
even  when  the  stream  draining  the  South  basin  reaches  as  far  as  the 
"dry  pond,"  the  water  generally  sinks  through  the  sand  and  entirely 
disappears.  The  only  time  when  there  is  water  in  this  "  dry  pond  "  is 
during  the  spring  freshets.  Thefe  is  evidently  an  accumulation  of  loose 
boulders  here  into  which  the  water  sinks  as  it  might  into  the  pores  of  a 
sponge.  Even  above  this  pond  the  same  condition  is  proved  to  exist 
by  the  fact  that  after  every  heavy  rain  the  brook  advances  toward  the 
"  dry  pond  "  and  then  quickly  disappears.  Our  camp  was  located  at 
the  junction  of  the  brook  with  the  "dry  pond/'  with  a  plentiful  supply 
of  water  on  the  firat  night;  but  each  day  it  was  necessary  to  go  farther 
and  farther  up  the  stream  for  our  water  supply. 

One  possible  explanation  of  ridges  of  drift  with  a  large  percentage  of 
local  material  is  that  of  crag  and  tail ;  but  the  form  and  position  of  these 
ridges  disprove  that  explanation.  It  might  be  suggested  that  these  boulder 
accumulations  (see  plate  37)  are  ancient  avalanches;  but  this  is  impos- 
sible, for  they  are  too  far  away  from  the  cliflfs ;  and,  moreover,  there  are 
similar  moraines  a  mile  farther  from  the  mountain  than  these.  As  has 
been  stated,  the  boulders  of  both  moraines  are  mainly  of  Ktaadn  granite, 
which  of  itself  is  evidence  of  local  rather  than  general  glaciation.  Very 
few  foreign  fragments,  and  those  of  small  size,  were  found  in  a  careful 
search  among  the  boulders.  Moreover,  many  of  the  fragments,  especially 
in  the  basins,  are  remarkably  fresh,  as  if  recently  brought  to  their  present 
position. 

Beyond  the  entrance  to  these  basins  hummocky  deposits  still  continue, 
and  although  the  region  is  forest-covered  and  exceedingly  difficult  to 
examine,  it  requires  but  a  few  sections  across  the  country  to  find  evi^ 
dence  of  the  morainic  nature  of  the  deposits ;  but  even  witliout  this,  there 
is  a  chain  of  ponds,  extending  at  right  angles  to  the  axes  of  the  basins 
and  at  a  distance  of  a  mile  or  two  from  their  mouths,  which  are  evidently 
located  behind  a  dam  of  terminal  moraine  (see  plate  38)  formed  by  the 
union  of  two  glaciers,  one  from  the  North  basin,  the  other  from  the  South 
basin.  This  chain  of  ponds  consists  of  three  rather  large  ones  (see 
plate  39),  which  Hamlin  has  located  on  his  map  (see  plate  31),  and  two 
others  which  he  has  not  placed  there. 

The  morainic  wall  which  incloses  the  ponds  is  almost  impossible  to 
examine  in  detail,  for  it  is  covered  with  a  low,  tangled  brush  of  spruce 
and  birch  (the  "pucker  brush  "  of  the  Maine  woods),  through  which  it 
is  impossible  to  push  one's  way,  under  which  one  can  not  go,  leaving  but 
one  remaining  means  of  travel — to  pass  over  it.  It  was  brush  of  this 
kind,  and  in  this  region,  on  which  Thoreau  says  that  he  walked  for  some 
distance,  actually  traveling  on  the  tops  of  the  stunted  trees. 
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Two  or  three  attempts  to  penetrate  this  tangle  were  sufficiently  suc- 
cessful to  prove  the  nature  of  the  deposit.  It  is  properly  located  for  a 
moraine,  and  is  hummocky,  with  numerous  small  kettles.  It  is  remark- 
ably high,  and  the  two  longer  ponds,  whose  beds  are  boulder-strewn, 
have  a  depth  of  certainly  more  than  25  feet,  while  the  moraine  which 
incloses  them  rises  from  15  to  60  feet  higher  than  the  surface  of  the  jxinds 
(see  plate  38).  On  the  side  away  from  the  basins  the  height  is  much 
greater  than  this. 

This  high  ridge  is  classified  as  a  terminal  moraine.  It  extends  in  front 
of  the  mouths  of  two  distinctly  preglacial  valleys,  so  that  it  seems  im- 
possible for  it  to  be  a  rock  ridge,  for  such  a  ridge,  in  such  a  position, 
would  have  been  out  of  harmony  with  all  known  laws  of  stream  erosion. 
Not  only  its  position,  but  its  form  and  composition,  indicate  that  it  is  a 
dam  of  debris  derived  from  the  union  of  the  two  glaciers  from  the  North 
and  South  basins,  possibly  with  the  addition  of  a  small  glacier  from  the 
side  of  Pamola,  for  it  projects  farther  from  the  mountain  opposite  the 
place  where  the  South  basin  and  Pamola  glaciers  would  have  united. 
Hamlin's  model  shows  the  location  of  this  ridge  very  well. 

Possible  kxistence  of  other  Glaciers 

Near  Ktaadn  are  a  number  of  other  high  mountains.  Tlie  nearest  of 
these  is  Turner  mountain,  which  is  separated  from  Ktaadn  by  a  moder- 
ately broad  valley.  While  no  distinct  evidence  was  obtained  concern- 
ing valley  glacieiTs  from  this  mountain,  the  presence  of  lakes  near  it  and 
their  position  indicate  the  possibility  of  valley  glaciers  having  de- 
scended from  this  mountain  also.  From  casual  observation  the  same 
suggestion  occurs  concerning  Traveller  mountain  and  the  group  of  moun- 
tains to  the  northwest  of  Ktaadn.  In  fact  the  great  abundance  of  small 
ponds  in  the  neighborhood  of  Ktaadn  leads  to  the  question  whether  a 
number  of  valley  glaciers  from  separate  centers  have  not  united  and  to- 
gether extended  to  a  considerable  distance  from  the  mountain,  building 
morainic  dams  for  such  lakes  as  Ktaadn  lake.  This  is  no  more  than  a 
mere  suggestion  as  to  the  direction  toward  which  future  work  might  he 
extended. 

There  seem  also  to  have  been  valley  glaciers  extending  in  other  direc- 
tions from  Ktaadn.  A  suggestion  of  one  of  these  is  found  at  the  Russell 
ponds,  which  lie  just  to  the  north  of  the  north  spur  of  the  mountain; 
but  sufficient  work  was  not  done  in  that  region  to  make  it  absolutely 
certain  that  these  moraines  were  formed  by  the  valley  tongues  from  the 
mountain,  although  all  observations  indicated  this. 
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Hitchcock*  has  suggested  that  during  the  time  when  the  Saint  Law- 
rence valley  was  depressed  to  a  considerable  depth  below  the  present  level, 
local  glaciers  from  several  different  centers  invaded  that  bay,  and  that, 
since  this  was  during  the  last  stages  of  the  glacial  period,  it  is  the  evi- 
dence from  this  source  which  has  led  the  Canadian  geologists  to  the  view 
that  a  Canadian  ice-sheet  has  not  invaded  the  New^  England  states.  I 
wi«h  to  bring  this  forward  as  a  rational  working  hypothesis,  even  though 
I  have  no  facts  to  add  to  it  at  the  present  time.  The  principal  reason 
for  bringing  it  forward  at  this  time  is  my  conviction  that  such  an  event 
is  to  be  expected  as  one  of  the  closing  episodes  of  the  ice  invasion.  Some 
evidence  in  support  of  the  belief  in  such  a  condition  of  ice  movement  has 
already  been  presented  by  the  Canadian  geologists. 

Indeed  it  seems  that  this  hypothesis  would,  if  proved,  harmonize  the 
conflicting  views  of  the  American  and  Canadian  schools  of  glacial  geol- 
ogists. There  is  in  New  England  a  sufficient  amount  of  highland  to 
carry  snow  fields  of  large  size,  from  which  glaciers  might  radiate  in  all 
directions,  much  as  we  now  find  in  portions  of  Greenland,  and  as  has 
been  so  clearly  proved  to  have  been  the  condition  in  the  British  isles. 
There  is  good  reason  for  believing  that  the  Greenland  glacier  formerly 
advanced  over  Disco  island ;  but  now,  the  great  ice-sheet  having  with- 
drawn from  it,  the  highland  of  that  island  forms  a  separate  center  of  gla- 
ciation.  The  glaciers  from  this  center  of  distribution  are  now  shrinking 
and  have  in  the  past  been  much  more  extensive  than  at  present.  The 
normal  conditions  of  ice  advance  and  retreat,  as  I  conceive  them,  would 
first  of  all  cause  local  centers  of  distribution,  then  general  glaciation, 
which  would  last  untTl,  finally,  the  highest  glaciers  had  dwindled  down 
to  mere  snow  banks,  which  themj^elves  would  at  last  disappear.  This 
conception,  applied  to  Maine,  is  more  fully  stated  in  the  section  which 
follows. 

A  Conception  of  the  Glacial  Pekiod  in  Maine 

Witli  the  coming  of  the  glacial  conditions,  the  loftier  New  England 
mountains,  being  subjected  to  the  conditions  of  cold,  must  have  accu- 
mulated snow  fields  and  sent  out  valley  glacier  tongues  which  coalesced 
with  others.  The  conditions  of  glaciation  increased  until,  from  large 
centers,  extensive  sheets  of  ice  moved  outward  in  all  directions,  much 
as  the  British  geologists  have  proved  to  have  been  the  condition  among 
the  highland  centers  of  the  British  isles.  With  the  onward  march  of 
the  ice-sheets  from  the  different  centers,  there  was  a  coalescing,  first  of 
the  smaller,  then  of  the  larger  masses,  until  at  last  the  union  of  the 
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glaciere  from  the  highlands  of  the  United  States  with  those  of  Canada 
produced  one  large  ice-cap,  which  advanced  over  New  England  even  to 
the  sea.  This  continental  ice-sheet,  rising  higher  and  higher  on  the 
mountain  sides,  finally  enveloped  even  the  loftiest  and  steepest  peaks. 

Of  this  earlier  set  of  local  glaciers  no  evidence  has  been  found,  and  it 
is  doubtful  if  much  exists ;  for,  with  the  activity  of  later  ice  erosion,  that . 
of  the  continental  glacier  and  thesucceeding  local  glaciers,  the  signs  of  the 
primary  local  glaciers  would  have  been  in  large  part,  if  not  completely, 
erased.  Concerning  the  advance  of  the  ice  of  the  great  continental  glacier, 
until  it  overtopped  even  the  highest  mountains,  sufficient  evidence  has 
been  brought  forward,  as  was  stated  in  the  first  part  of  this  paper. 

The  period  of  continental  glaciation  in  New  England  must  have  been 
of  considerable  duration,  for  there  is  everywhere  distinct  evidence  of  ice- 
scouring  on  the  mountains  which  projected  into  the  ice-sheet  This  is  so 
pronounced  as  to  constitute  a  prominent  element  in  the  topography  of 
Maine.  It  was  noticed  by  Thoreau,  and  has  been  mentioned  by  many 
other  writers,  that  the  northern  slopes  of  the  hills  and  mountains  are 
often  moderate,  while  the  southern  slopes  are  steep.  In  some  cases  this 
is  evidently  due  to  structural  peculiarities  in  the  rock-masses  forming 
the  mountains ;  but  elsewhere  it  is  entirely  independent  of  this,  and  no 
other  explanation  than  ice-scouring  seems  rational. 

One  who  has  studied  this  aspect  of  the  action  of  the  Greenland  con- 
tinental glacier  is  prepared  for  just  such  a  modification  of  topography. 
For  instance,  in  the  mount  Schurman  nunatak  ^  the  ice  has  passetl  up 
the  stoss  slope  and  scoured  and  smoothed  it  perceptibly,  while  the  west, 
or  lee,  slope  is  a  precipice  against  which  the  ice  is  doing  almost  no  work. 
The  various  mountains  along  the  Greenland  coast  again  and  again  illuH- 
trate  the  same  characteristic  of  form,  even  when  entirely  outside  the 
limit  of  present  ice  erosion.  This  is  noticeably  the  case  in  the  mountain 
called  the  *' Devil's  Thumb"  on  the  Ryder  map.f  In  Maine  instances 
of  this  are  so  numerous  as  not  to  need  specific  mention.  They  areseeti 
on  all  hands,  and  are  often  so  evidently  out  of  relation  to  rock  structure 
as  to  seem  to  demand  the  explanation  of  glacial  erosion. 

Following  the  long  stage  of  continental  glaciation,  there  came  a  shrink- 
in*^  of  the  ice.  Then  some  of  the  New  England  peaks,  such  as  Ktaadn 
and  Washington,  rose  so  high  that  they  projected  above  the  surface  as 
nunataks,  reaching  higher  and  higher  above  the  ice-sheet,  as  the  glacier 
melted,  until  a  sufficient  area  of  country  was  exposed  to  permit  the 
accumulation  of  snow  fields,  with  valley  glaciers  descending  from  the 
mountain  tops.     With  the  withdrawal  of  the  great  ice-sheet  there  again 

♦  Tarr  •  Amer.  (Teologint,  vol.  xx,  1897,  p.  147. 
t  Bull.  Geol.  Soc.  Am.,  vol.  8,  1897,  p.  2254. 
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came  a  period  of  local  glaciation,  which  at  first  may  have  been  from 
several  centers — as,  for  instance,  from  the  Adirondack  center,  the  (ireen 
Mountain  center,  the  White  Mountain  center,  and  the  Ktaadn  center — 
with  glaciers  sufficiently  extensive  to  reach  well  into  the  Saint  Law- 
rence basin,  perhaps  dischargin«;  icebergs,  with  their  rock  load,  into  the 
enlarged  bay  of  Saint  Lawrence.  The  continued  shrinkage  of  these 
large  centers  gave  rise  to  coalescing  valley  glaciers,  which  were  finally 
replaced  by  isolated,  unconnected  glaciers,  such  as  those  which  occupied 
the  North  and  South  basins  of  Ktaadn. 

This  last  stage  certainly  existed  in  the  Ktaadn  region,  and  from  the 
writings  of  others  seems  proved  for  the  White  mountains  and  elsewhere 
in  New  England.  Therefore,  of  this  assumed  history,  some  of  the  stages 
are  inferred,  while  others  may  be  considered  proved  ;  and  that  part  which 
is  inference  is  strengthened  by  the  fact  that  this  order  of  events  is  that 
which  seems  to  have  been  followed  in  other  similar  regions. 

There  is  an  admirable  opportunity  for  further  study  of  the  glacial 
geology  of  the  northern  Maine  region,  for  in  that  region  lies  the  key  to 
an  understanding  of  some  of  the  important  events  of  the  Glacial  Period 
in  America.  It  will  be  by  no  means  an  easy  study  to  make,  since,  aside 
from  the  difficulties  of  traveling  due  to  the  forest  cover,  and  from  the 
countless  millions  of  insect  pests  which  inhabit  the  forest,  there  is  an 
almost  universal  absence  of  cuts  in  the  glacial  deposits  and  an  almost 
complete  burial  of  the  bed  rock.  One  may  travel  through  the  forest  for 
scores  of  miles  without  finding  a  rock  outcrop;  for,  even  when  present, 
the  forest  mould,  moss,  and  fallen  trunks  conceal  it  from  view  almost  as 
completely  as  a  soil  cover  would.  Where  the  rock  itself  outcrops  it  has 
been  exposed  to  the  weather  so  long  that  signs  of  glacial  action  have 
been  almost  completely  destroyed.  The  chance  for  study  will  be  found 
mainly  in  tracing  the  distribution  of  blocks  of  rock  from  the  mountain 
centers.  Until  that  has  been  done  the  full  history  of  this  region  can 
not  be  written. 

Summary 

Mount  Ktaadn  is  a  granite  mountain  in  northern  Maine.  It  reaches 
to  an  elevation  of  almost  a  mile  above  sealevel.  Previous  observers 
have  reported  that  the  highest  peak  of  the  mountain  bears  no  proof  of 
ice  covering,  and  it  has  been  inferred  that  it  rose  above  the  ice  as  a 
nunatak.  It  is  one  of  the  objects  of  this  paper  to  present  evidence  that 
the  ice  did  overtop  Ktaadn. 

A  second  point  of  the  paper  is  to  show  that,  as  a  last  stage  of  ice-action, 
valley  glaciers  occupied  the  valleys  on  the  east  side  of  Ktaadn,  building 
well  defined  moraines,  some  of  which  inclose  lakes. 
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The  proposition  is  made,  as  an  hypothesis,  following  the  suggestion 
of  Hitchcock,  that  between  the  time  of  general  glaciation  and  local  val- 
ley glaciers,  there  was  a  stage  during  which  from  the  various  highland 
centers  of  New  England  glaciers  reached  northward  into  the  Saint  liaw- 
rence  valley.  This  would  account  for  the  features  described  by  the 
Canadian  geologists  and  harmonize  the  conflicting  views  of  the  Cana- 
dian and  American  glacialists. 
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Geology  op  the  Area 

condition  of  strata  and  fossils 

The  footprints  described  in  this  paper  were  found  in  the  northwestern 
corner  of  the  Narragansett  basin  after  a  report  on  this  region  by  Messrs 
Shaler  and  Foerste  and  the  \yriter  had  gone  to  press.*  In  this  report  it 
is  brought  out  that  a  small  part  of  the  Narragansett  basin  is  not  more 
metamorphosed  than  the  Paleozoic  rocks  of  the  New  York  state  system, 
and  that  in  this  tract  the  conditions  for  the  preservation  of  fossils  are 
j)eculiarly  good.  In  the  region  to  the  south  and  east  the  Carboniferous 
strata  have  been  folded,  and  particularly  toward  the  south  metamor- 

*  Monograph  zxxiii,  U.  S.  Geological  Survey,  WtishingtoD,  1899.    Footprint8  noticed  in  poMtscript 
on  pag«.'  98. 
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phosed  to  such  an  extent  that  the  organic  contents  of  the  beds  hare 
been  largely  distorted  beyond  recognition  or  actually  efiaced. 

DISTRIBUTION  OF  MBTAMORPHISM 

The  contrast  between  the  Wrentham  area  and  the  remainder  of  the 
basin  is  very  great  in  r^ard  to  the  metauiorphism  of  the  rocks.  This  is 
largely  due  to  the  intrusion  of  p^matites  in  successively  greater  pipes 
and  dikes  as  we  proceed  southward  from  the  vicinity  of  Providence  to- 
ward the  mouth  of  Narragansett  bay.  In  the  Wrentham- A ttleboro  area 
igneous  action  has  been  limited  to  the  intrusion  of  dikes  of  diabase,  and 
to  the  intrusion  and  effusion  of  masses  of  felsites  and  granophyric  rocks 
which  have  exerted  little  or  no  influence  on  the  strata.  Such  change? 
of  texture  as  have  been  observed  in  the  northwestern  corner  of  the  basin 
are  clearly  ascribable  to  lateral  pressure,  which  is  manifested  in  the  crusli- 
ing  of  sediments  in  closed  folds.  Where  blocks  of  strata  have  escaped  this 
action  the  beds  remain  without  cleavage  and  without  the  development 
of  new  minerals. 

STRUCTURE  OF  THE  WRESTHAM-ATTLRBORO  AREA 

The  structure  of  the  area  in  which  fossils  have  been  found  is  one  of 
combined  folding,  faulting,  and  overthrusting  in  which  the  sequence  has 
been  folding  with  overthrusting,  followed  by  faulting.  About  an  inlier 
of  pre-Carboniferous  granitite  with  Lower  Cambrian  beds  lying  near  the 
northwestern  comer  of  the  basin  is  wrapped  a  highly  folded  series  of 
locally  lower  Carboniferous  beds  with  igneous  associates  in  the  form  of 
a  horseshoe-shaped  area  open  on  the  north.  Between  the  arms  of  this 
structure  on  the  north  of  the  pre-Carboniferous  mass  or  core  lies  an 
overthrust  and  downfaulted  block  of  locally  middle  Carboniferous  strata 
tilted  westward.  The  strata  on  which  this  block  rests  are  vertical  beds 
of  Carboniferous  equally  high  in  the  series  and  closely  beset  with  cleav- 
age.   In  the  overlying  block  are  found  the  fossils  here  described. 

Geoix)gy  of  Plainvil^e 

distribution  and  character  of  the  strata 

The  accompanying  sketch  map  of  the  vicinity  of  Plainville,  in  the 
southern  part  of  the  town  of  Wrentham,  is  intended  to  illustrate  the  gen- 
eral features  of  the  fossiliferous  lociility.    The  strata  consist  of  an  alterna- 
tion of  gray  feldspathic  sandstones  and  shales,  with  occasional  massive 
ndurated  mud  beds,  and  one  known  bed  of  coal. 
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Blake  Hill  fault-block,  with  southweBtward  dipping    Carboniferous    beds,  un- 
cleaved,  uumetatnorphooed. 

Vertical  beds  of  Carboniferous  senes  in  Plainville  valley  and  the  ridge  east  of  the 
town,  slaty  in  structure. 

FiauRR  l.^Geologic  Map  of  the  Vicinity  of  Plainville^  Masmehu^etts. 

1.  Footprint  locality,  shales  overlain  by  gray  sandstone,  much  jointed,  dipping  gently  southward. 

2.  Vertical  shales,  sandstones,  and  grits. 

.^.  Two  parallel  vertical  ledges  of  alternating  slates  and  slaty  sandstones. 

4.  Highly  inclined  curved  ledges  of  sandstones  and  slates. 

5.  Quarry,  sandstones  with  shaly  layers,  varying  westerly  dips  ;  raindrop  imprints,  Asterophyllites. 
fi.  Shales  and  sandy  shales,  gentle  southwest  dip  ;  raindrop  imprints. 

7.  Southwestward  dipping  ledge,  traceable  to  the  southeast,  conglomerates,  sandstones,  and  shales. 
K.  .Strong  ridge  of  conglomerates  and  sandstone,  with  shale  layers. 
!<.  Vertical  slates,  with  gray  sandstones. 
10.  Vertical  slates.. 

Dotted  line  shows  approximate  trace  of  thrust-plane  along  which  the  vortical  beds  disappear 
beneath  the  fault-block. 


BLAKE  HILL  FA  ULT-BLOCK 


This  block  of  strata  forms  the  western  wall  of  Plainville  valley,  the 
floor  of  which  is  composed  of  the  vertical  Carboniferous  beds  shown  on 
the  map,  figure  1.  The  trace  of  the  thrust- plane  on  the  surface  is  clearly 
indicated  by  the  distribution  of  outcrops.  The  footprints  occur  in  shales 
at  the  bottom  of  the  block  west  of  the  Plainville  railroad  station  and  on 
the  Bouth  side  of  the  street  at  tb^  locality  marked  pyuiber  I  on  the  map, 
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On  the  opposite  side  of  the  street  occurs  an  outcrop  of  the  vertical  slate 
series  standing  at  a  higher  level  than  the  nearly  flat  beds  exposed  30  feet 
distant.  The  sandstones  of  the  base  of  the  block  are  very  thickly  beset 
with  joints  as  the  result  of  the  overthrusting  of  the  block. 

Westward  on  that  margin  of  the  block  beyond  the  limits  of  the  sketch 
map  the  gray  Carboniferous  rocks  of  the  block  abut  against  red  beds 
belonging  near  the  base  of  the  Carboniferous  series,  the  relation  being 
effected  by  faulting. 

RAINPRINT  HORIZONS 

At  several  horizons  on  the  eastern  face  of  the  Blake  Hill  fault-block 
the  shales  have  been  observed  to  carry  the  impressions  of  rainprints, 
showing  that  the  mud  beds  were  bared  to  the  air,  and  that  the  entire 
series  was  accumulated  in  shallow  water  if  not  in  a  fluvial  or  lacustrine 
plain.  This  geographic  feature  suggested  the  search  for  the  footprints 
of  Carboniferous  amphibians — a  search  which  was  at  once  successful. 

Footprints 

description  of  the  plainville  tracks 

The  footprints  represent  the  tracks  of  two  individuals,  one  set  being 
small  and  distinct,  the  other  larger,  but  indicated  by  two  imperfect  im- 
pressions only  (see  plate  40,  figures  1  and  2). 


KiQUBE  2.— JSa^raeAtc/intts  ptoint;»/-^nsM  8p.  nov.  (f). 

The  smaller  tracks  are  those  of  a  four-footed,  tailed  animal  (see  figure 
2),  with  fairly  distinct  impressions  of  fore  and  hind  feet.  The  fore  feet 
gave  four-toed,  the  hind  feet  flve-toed,  impressions.  The  following 
measurements  are  given  to  supplement  the  illustrations  : 

Fore  foot:  length,  6.5  millimeters;  breadth,  4  millimetere. 
Hind  foot:  length,  11  millimeters ;  breadth,  5  millimeterB. 
Length  of  stride,  left  manus,  22  millimeters. 
Breadth  of  tail-groove,  1.5  millimeters. 
Breadth  of  track,  22  millimeters. 
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FiiiUKE  1.— Kki*koi»U(tiu>  or  FooT^Rl^T^  OF  Ii(itr<trhirhnii.s  pfninviHrnsis,  »p.  .Nov.  khom  Plainvillk, 

Massachusetts 

Left-hand  fragnicnt  of  slialo  hIiows  oriKinnl  imprcsHJonB.  Kight-hand  fragment  is  a  mold  ca^t  in 
the  succeeding  shale  hiycr.  P.irts  of  tw(»  hirge  footprintH  can  hv  neon  at  extreme  right  and  left  of 
fragments. 


FiouRE  2. — Kefruduction  of  Surface  of  Shale  Layer 

Showing  scratches  and  imprints  attributed  to  amphibia  touching  mud  bottom  in  act  of  swimming 
or  crawling.     Locality  10,  Plainville,  Massachusetts 
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A  comparison  of  the  tracks  with  existing  newts  and  salamanders  and 
with  the  known  amphibia  of  the  Carboniferous  and  Permian  serves  to 
establish  an  identification  with  the  Stegocephs  such  as  the  Amphibamus 
described  by  Cope  *  from  the  Carboniferous  of  Ohio.  A  form  having  the 
size  and  shape  of  Melanerpeton  of  the  Permian  of  Germany  described  by 
Fritsch  f  might  have  made  the  tracks  and  the  tail-groove.  A  salaman- 
droid  feature  will  be  noted  in  the  inward  toeing  of  the  fore  foot  and  out- 
ward pointing  of  the  hind  foot.  Following  the  practice  of  Fritsch  and 
Marsh,  the  name  Batrachichnus  is  here  given  to  these  tracks,  with  the 
specific  'plainvUlerms  in  allusion  to  the  locality  of  their  discovery. 

The  two  large  footprints  seen  on  the  same  slab  (plate  40,  figure  1)  are 
clearly  distinct  from  the  small  tracks  and  show  more  of  the  characters 
of  Cheirotherium,  in  this  respect  resembling  tracks  found  in  the  Nova 
Scotia  Carboniferous.  These  and  other  obscure  prints  of  even  larger 
size  in  the  Plainville  district  are  too  imperfectly  known  at  present  to 
deserve  further  mention  here. 

DISTRIBUTION  OF  FOOTPRINTS  IN  EASTERN  CARBONIFEROUS  AREAS 

The  finding  of  these  newt-like  tracks  in  the  Narragansett  basin  now 
completes  the  tracing  of  these  amphibians  of  the  Carboniferous  througli- 
out  the  remaining  areas  of  the  Carboniferous  mud-flats  of  northeastern 
America,  except  for  some  local  basins  in  which  it  is  probable  that  the 
rocks  are  too  much  altered  for  the  identification  of  delicate  imprints. 

The  moist  and  cool  habitats  of  the  existing  land  forms  of  the  present 
period  is  entirely  consonant  with  the  theory  of  CroU  that  the  later  Car- 
boniferous was  a  time  characterized  by  a  lowering  of  the  temperature 
over  the  lands  of  widely  separated  areas.  This  local  refrigeration  of  cli- 
mate was  probably  in  part  due  to  elevation  of  the  land.  The  extreme 
to  which  Carboniferous  climate  was  carried  by  this  or  other  causes  is 
evident  from  the  glacial  records  of  India  and  Australasia.  The  faculty 
of  withstanding  a  period  of  freezing,  as  shown  by  Dufoy,  explains  in 
part  the  persistence  of  the  amphibian  type  from  the  Carboniferous  to 
the  present  day. 

CONDITIONS  UNDER  WHICH  FOOTPRINTS  WERE  MADE 

M.  Stanislas  Meunier  has  claimed,  on  the  basis  of  certain  experiments 
in  the  artificial  production  of  buried  footprints,  that  the  fossil  impressions 
have  been  made  upon  a  water-covered  surface,  and  that  where  overlain 
by  sands  this  cover  has  been  deposited  by  the  action  of  winds  blowing 

•  E.  D.  Cope :  Proc.  Acad.  Nat.  Sci.  Phlla.,  18G5. 
t  Anton  Fritsch  :  Der  Fauna  der  Gaskohle. 
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sand  and  dust  over  the  area  of  deposition.  The  shales  at  Plainville  offer 
an  opportunity  for  an  investigation  of  the  circumstances  under  which 
they  were  made,  and  I  find  nothing  to  support  the  idea  that  the  cover 
was  not  deposited  in  the  same  manner  as  the  foundation  on  which  thec^e 
prints  were  made.  In  both  cases  the  rock  is  consolidated  mud.  That 
the  footprints  may  have  been  made  beneath  a  slight  depth  of  water  seems 
highly  probable  for  the  reason  that  some  parts  of  the  tracked  surfaces 
are  marked  with  scratches  (see  plate  40,  figure  2)  such  as  would  he 
made  by  the  toes  or  nails  of  a  small  newt  in  lightly  touching  the  bottom 
in  swimming.  If  such  light  impressions  can  be  preserved  under  water, 
of  course  the  stronger  imprints  of  the  foot  may  not  only  be  made,  but 
preserved. 


sit 
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Conclusions  derived  from  previous  Studies  of  Gay  Head  Cliffs 

In  volume  8  of  the  Bulletin  of  the  Society  the  writer  described  some 
of  the  characters  of  a  boulder  bed  in  the  Gay  Head  cliffs  and  gave 
reasons  for  believing  it  to  form  the  base  of  the  Pleistocene  deposits  of 
the  New  England  islands,  at  the  same  time  pointing  out  its  correlation 
with  the  Columbia  of  McGee.*  In  an  earlier  paper  by  Professor  Shaler  f 
a  section  was  presented  in  which  the  geological  position  and  distribu- 
tion of  this  bed  were  indicated.  The  possible  transportation  of  the  frag- 
ments in  this  bed  by  some  form  of  ice  action  was  implied,  but  beyond 
the  size  of  the  boulders  found  in  it,  no  direct  evidence  of  glacial  agencies 
had  been  discovered  until  April  of  this  year.     As  the  glacial  origin  of 

*Bull.  tiool.  Soc.  Am.,  vol.  8,  pp.  197-212. 
t  Bull.  (Jeol.  Soo.  Am.,  vol.  1,  18«9,  pi.  9. 
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the  deposit  and  its  geological  position  have  an  important  bearing  on  the 
extension  of  the  first  ice  invasion  to  New  England,  the  facts  are  here 
stated. 

Contents  of  the  Deposit 

The  significant  fact  in  the  contents  ^f  the  boulder-bed  is  the  occur- 
rence in  it  of  large  and  small  fragments  of  rock  borne  from  known  ter- 
ranes  constituting  the  mainland  on  the  north.  A  small  boulder  of 
peridotite  very  clearly  traveled  from  Iron  Mine  hill,  in  Cumberland, 
Rhode  Island,  a  distance  of  59  miles,  approximately  along  lines  of  trans- 
portation of  drift  in  the  last  ice  invasion,  though  farther  to  the  east  than 
any  fragments  bf  this  rock  seen  by  the  writer  in  the  till  of  the  last  ice- 
sheet.  Boulders  of  granite,  gneiss,  and  diorite  are  present  from  the  region 
about  Westport,  Massachusetts.  Some  of  these  fragments  are  angular. 
One  boulder  has  already  been  described  as  having  an  approximate  weight 
of  8  tons. 

In  addition  to  these  materials  which  have  been  carried  to  and  de- 
posited on  this  disturbed  section  of  coastal  plain  formations,  the  boulder 
bed  contains  fragments  of  the  strata  in  the  old  coast  plain,  showing  that 
the  agency  or  agencies  of  transportation  were  capable  of  eroding  ma- 
terials quite  down  to  the  end  of  the  journey — a  feature  possessed  only  by 
ice  moving  over  the  land  or  the  shallow  deposits  of  the  sea.  Floating 
ice  could  hardly  have  effected  the  transportation  of  blocks  from  Cum- 
berland, at  an  elevation  of  400  feet  above  the  prasent  sealevel,  and  also 
from  the  edge  of  the  coast  plain  as  it  then  existed,  for  one  or  the  other 
of  these  areas  would  have  been  above  or  below  the  zone  of  inclosing 
debris  for  flotation,  unless  it  be  admitted  that  the  land  has  been  uplifted 
with  reference  to  the  two  localities  by  a  tilt  as  great  as  10  feet  to  the 
mile,  of  which  there  is  no  evidence  whatever. 

Structure  of  the  Deposit 

The  larger  patches  of  the  boulder  bed  exhibit  an  arrangement  of  the 
pebbles  and  cobbles  which  is  indicative  of  water  action.  The  smaller 
patches  of  larger  boulders  are  less  clearly  stratified,  and  one  patch,  ex- 
cept for  the  absence  of  fine  materials,  might  well  be  termed  till.  The 
frequently  angular  blocks  of  rock  found  in  the  deposits,  particularly 
near  the  base,  show  that  water  action  was  feeble,  or  of  short  duration  if 
strong.  The  same  conclusion  must  be  drawn  from  the  occurrence  of 
glaciated  pebbles  yet  to  be  described.  The  pell-mell  order  of  certain 
portions  of  the  boulder  bed  can  not  be  much  relied  on,  for  the  reason 
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Figure  1.— Cti.AciATED  Pebble  of  Hornble.ndic  Gr\mtite 

Taken  from  basal  bouUler  bed  of  the  older  Pleistocone  (Columbia)  in  Gay  Head  cliffs. 
Locality  3100,  of  section  in  plate  U,  volume  1,  of  this  Bulletin 
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that  the  beds  have  been  involved  in  the  Gay  Head  diastrojihe,  and  such 
disorder  may  as  well  be  due  to  internal  movements  of  the  section  as  to 
original  deposition. 

Glaciated  Pebbles  in  the  Deposit 

In  April,  1899,  the  writer  began  a  search  in  the  boulder  bed  for  glacial 
pebbles,  and  found  three  specimens  which  are  unmistakably  glaciated. 
Two  of  these  were  hornblendic  granitite;  the  third  was  diorite.  The 
smaller  of  the  granite  pebbles  is  shown  in  plate  42,  figure  1.  The  flat- 
teneci  side  or  sole,  the  snubbed  ends,  and  the  strise  are  alike  indications 
of  the  glacial  abrasion  of  this  pebble.  The  strire,  though  faint,  are  better 
defined  than  on  many  glacial  pebbles  of  that  rock  in  the  granitic  area 
about  Boston. 

It  can  not  be  successfully  contended  that  these  pebbles  are  due  to 
mud-flows  or  to  talus- sliding,  for  their  position  precludes  that.  Neither 
are  they  due  to  solution  in  the  bed  after  deposition,  for  quartz  and  feld- 
spar grains  alike  are  scorfed  and  grooved.  Solution  would  have  pro- 
ceeded at  unequal  rates  on  these  minerals  and  would  have  pitted  the 
surface.  The  objection  that  the  pebbles  were  scratched  by  coast  ice  and 
not  by  land  ice  is  met  by  the  peculiar  distribution  of  the  deposits  with 
regard  to  the  derivation  of  the  materials  from  the  coast  plain  and  the 
New  England  extension  of  the  Piedmont,  from  localities  now  at  sea- 
level  to  those  having  an  elevation  of  at  least  400  feet  above  the  present 
sealevel,  in  the  manner  above  stated. 

Relation  of  Deposits  to  the  Subtekrane 

Undoubtedly  an  ice-sheet  advancing  on  the  coast  plain  as  it  must 
have  existed  along  the  southern  shore  of  New  England  before  the  glacial 
period  would  have  produced  some  disturbance  in  the  deep  soft  rock  sec- 
tion of  which  it  was  compose<l.  Erosion  by  ice  and  water  action  would 
have  taken  place  here  and  there  on  the  disturbed  and  undisturbed  sec- 
tions alike.  As  pointed  out  in  my  paper  before  the  Society  in  1896, 
these  boulder  deposits  everywhere  rest  unconformably  by  erosion  on 
the  Cretaceous  or  Miocene  beds  of  the  Gay  Head  section,  and  in  one 
part  of  the  cliff  the  Cretaceous  beds  stand  vertically  beneath  the  boulder 
bed.  The  local  folding  of  the  soft  clays  and  sandy  clays  and  the  ero- 
sion, followed  by  the  deposition  of  the  l)oulders,  may  be  considered  as 
sequential  parts  of  the  advent  of  the  first  ice-sheet  calong  this  shore. 
The  great  overturning  of  strata  at  Gay  Head  and  elsewhere  on  Marthas 
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Vineyard  and  Block  island  and,  as  I  believe,  as  well  on  Long  island 
took  place  later,  but  yet  a  very  long  time  before  the  last  ice  advance. 

Correlation,  of  Deposits  with  Columbia  Formation 

That  the  boulder  bed  at  Gay  Head,  together  with  the  overlying  gravels 
and  sands,  represents  the  lower  part  of  McGee^s  Columbia  formation 
follows  by  the  definition  of  that  term  as  regards  the  stratigraphic  posi- 
tion and  lithological  character  of  the  materials  at  Gay  Head.  The  con- 
clusion that  the  boulder  bed  represents  the  deposits  of  the  first  advance 
upon  the  Atlantic  coast  plain  is  also  strictly  in  line  with  the  understood 
origin  of  the  Columbia.  In  the  easternmost  of  these  New  England 
islands  the  Columbia  is  fossiliferous  and  is  separated  from  later  deposits, 
also  of  Columbia  age,  by  the  Gay  Head  diastrophe  and  unconformity 
dependent  thereon.  This  lower  Columbia  was  termed  the  Sankaty  in 
my  paper  of  1896. 

Interpretation  of  Columbia  Epoch 

It  has  been  shown  by  McGee  that  the  Columbia  was  a  time  of  sub- 
mergence to  a  depth  of  at  least  400  feet  south  of  New  York.  There  is 
nothing  to  disprove  this  submergence  during  Sankaty  time  in  the  New 
England  islands  or  on  the  neighboring  mainland.  On  the  contrary,  a 
depression  to  this  depth  would  account  for  many  bodies  of  glacial  clays 
which  occupy  embayments  along  the  shore,  as  in  Boston  basin,  and 
which  were  deposited  anterior  to  the  last  ice  advance  in  this  region. 

After  several  years  of  repeated  visits  to  the  Marthas  Vineyard  sections 
and  a  visit  to  the  island  of  Moen,  in  the  Baltic,  the  writer  is  unable 
to  find  any  direct  evidence  in  either  of  these  fields  proving  conclusively 
that  the  upturning  of  the  beds  has  been  brought  about  by  glacial  thrust. 
It  is  perfectly  clear  that  the  folding  and  displacements  took  place  after 
the  first  invasion  of  ice  in  both  fields  and  before  the  last ;  hence  clearly 
within  the  glacial  epoch.  Without  committing  oneself  to  the  verity  of 
the  hypothesis  of  glacial  thrust,  some  conclusions  may  be  drawn  from 
Gay  Head  as  to  the  mode  of  action  of  the  supposed  ice-thrusts.  When 
we  compare  the  folding  accomplished  just  before  the  deposition  of  the 
boulder  bed  with  that  which  took  place  later,  we  note  that  the  two  are 
as  one  to  ten  in  volume  of  beds  displaced.  On  the  supposition  of  (lis- 
l)lacement  by  ice-thrust,  the  relative  exemption  of  the  coast  plain  from 
disturbance  during  this  first  advance  may  be  explained  by  the  sub- 
mergence of  the  region,  so  that  the  ice  rested  lightly  on  tlie  surface, 
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whereas  in  the  later  glacial  advance  it  bore  directly  on  the  soft  terrane 
of  Cretaceous  and  Tertiary  strata,  and  so  displaced  the  mass  to  a  great 
depth  and  over  a  broad  tract. 

Note  on  Gay  Head  Fossil  Horse 

occurrence  in  other  localities 

The  bones  of  the  prehistoric  American  horses  have  been  reported  from 
the  Atlantic  slope  in  beds  of  Pleistocene  age  in  New  Jersey  and  from 
the  Pliocene  of  Florida.  I  have  been  unable  to  find  that  bones  of  this 
animal  have  been  encountered  in  the  coast  plain  strata  in  the  north. 
The  finding  of  a  single  fragment  at  Gay  Head  in  the  osseoUs  conglom- 
erate bed  is  therefore  of  some  interest. 

THE  OSSEOUS  CONGLOMERATE 

The  osseous  conglomerate  of  Hitchcock*  is  a  mixture  of  water  worn, 
white  vein  quartz  and  chert  pebbles  with  mammalian  bones,  sharks' 
teeth  and  vertebrsB,  as  well  as  occasional  fragments  of  lignite  and  silici- 
fied  wood.  The  mammalian  bones  heretofore  reported  have  all  been 
marine  types,  the  bones  of  whales  and  a  walrus,t  this  latter  form  being 
based  upon  a  skull  found  on  the  cliflFs,  but  thought  to  have  come  from 
the  bed.  The  age  of  the  bed  has  been  by  several  competent  authorities 
determined  as  Miocene.} 

ASTRAGALUS  OF  HORSE  FROM  OSSEOUS  CONGLOMERATE- 

The  evidence  of  a  fossil  horse  in  this  section  is  based  on  a  fragment 
of  the  astragalus  of  the  left  hind  limb  found  by  the  writer  in  May,  1899. 
This  bone  is  shown  on  jilate  42,  figure  2.  The  bone  was  broken  in  ex- 
tracting it  from  the  bed,  and  there  can  be  no  doubt  about  its  occurrence 
as  a  constituent  of  the  osseous  conglomerate.  The  matrix  adhering  to 
the  specimen  is  that  characteristic  of  that  formation.  The  determination 
of  its  equine  nature  depends  on  the  identification  of  Professor  Osborn, 
of  Columbia,  who  kindly  examined  it  for  the  writer. 

PROFESSOR  OSBORNS  OPINION  ON  AGE  OF  THE  HORSE 

Professor  Osborn  finds  that  the  type  of  astragalus  is  more  like  that  of 
the  known  Pleistocene  horse,  though  it  was  found  in  beds  of  recognized 

•  Edw.  H.  Hitchcor-k  :  Final  Report  on  the  Geology  of  MassachUHetts,  1841,  p.  424. 
t  Clias.  Lyell :  Travels  in  North  America,  vol.  1,  New  York,  1845,  pp.  20»-206,  pi.  v. 
X  W.  H.  Dall :  Americau  Joqriuil  of  .Science,  vol.  xlviii,  1894,  pp.  296-300. 
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Miocene  age.  A  similar  difference  of  opinion  has  existed  in  the  southern 
field  with  regard  to  the  age  of  beds  containing  a  mammalian  fauna, 
with  Equua  Jratemus.  It  would  seem  that  the  osseous  conglomerate  of 
Marthas  Vineyard  needs  further  study  by  our  paleontologists. 
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Work  of  Previous  Investigators 

The  zeolites  of  North  and  South  Table  mountains  at  Golden,  Colorado, 
have  alreardy  become  known  to  mineralogists  mainly  tlirough  the  ex- 
cellent descriptions  of  these  minerals  and  of  their  occurrence  by  Cross 
and  Uillebrand  in  Bulletin  20  of  the  United  States  Gelogical  Survey.* 
In  this  bulletin  the  above  named  authors  t  have  given  a  brief  description  of 

^  CoDtributioQA  to  the  Mineralogy  of  the  Rocky  Mountains,  Bull.  no.  20,  U.  S.  Geol.  Survey. 
t  A  briefer,  preliminary  paper  by  the  same  authors  was  published  in  Am.  Jour.  Sci.,  3d  ser.,  vol. 
zziii,  1882,  p.  452,  and  3d  ser.,  vol.  xxiv,  1882,  p.  129. 
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the  Table  mountains,  with  their  basaltic  caps  and  a  much  more  detailed 
description  of  the  various  zeolitic  minerals  contained  in  the  amygdaloidal 
cavities.  They  also  discuss  the  results  of  the  investigations  of  Professor 
Carl  Klein  on  the  optical  anomalies  of  analcite  and  apophyllite  from 
this  locality.* 

During  the  past  two  years  the  Colorado  State  School  of  Mines,  located 
at  Golden,  has  been  conducting  quarrying  operations  for  the  purpose  of 
Securing  forits  mineral  cabinet  specimensof  these  Table  Mountain  zeoHtes. 
A  new  locality  opened  up  on  the  east  face  of  North  Table  mountain  proved 
to  be  very  prolific  of  these  zeolites  and  produced  many  specimens  of  ex- 
treme beauty. 

In  most  respects  the  zeolites  here  developed  correspond  closely  with 
the  occurrences  described  in  the  above  mentioned  paper  by  Cross  and 
Hillebrand,  and  it  is  hardly  worth  while  to  duplicate  what  they  have 
already  written  on  the  subject.  The  minerals  thomsonite  and  mesolite, 
however,  not  only  show  extraordinary  beauty,  but  occur  in  a  great 
variety  of  forms,  habits,  and  associations,  and  in  the  case  of  the  former 
also  present  features  that  do  not  entirely  accord  with  the  descriptions 
of  Cross  and  Hillebrand. 

Place  and  Mode  of  Occurrence 

As  the  description  of  these  zeolites  and  of  the  Table  mountains  in 
which  they  occur  are  so  readily  accessible  to  all, a  very  brief  reference 
to  the  surroundings  will  suffice  for  our  present  purpose.  At  Golden  are 
two  socalled  table  mountains,  designated  North  Table  mountain  and 
South  Table  mountain.  Geologically  they  are  but  one  mountain,  ecu- 
sisting  of  soft,  nearly  horizontal  beds  of  Middle  Tertiary  age,  capped 
with  a  thick  lava  sheet  and  cut  in  two  by  Clear  creek.  The  soft  bedded 
rocks  that  form  the  base  of  the  mountain  are  almost  entirely  composed 
of  fine  andesite  ash  beds  belonging  to  the  Denver  Tertiary .f  The  lava 
cap  consists  of  two  flows  of  feldspar-basalt  that  together  reach  a  thick- 
ness of  about  100  feet  at  the  place  where  the  minerals  under  discussion 
were  obtained.  The  second  flow  followed  so  closely  upon  the  first  that 
no  erosion  of  the  first  sheet  occurred  before  it  was  covered  by  the  second 
sheet.  The  two  flows  are  of  about  equal  thickness  and  form  a  nearly 
vertical  cliff"  of  100  feet,  in  the  center  of  which  is  a  horizontal  band  of 
very  scoriaceous  basalt  that  belongs  mainly  to  the  top  of  the  lower  flow. 
This  porous  band  is  some  15  feet  thick  and  contains  cavities  of  all  siiea 
up  to  6  or  8  feet.    The  large  cavities  are  drawn  out  flat  in  the  direction 

*  Neiies  Jahrbuch  frtr  Mineralogie,  etc.,  toI.  i,  1884,  p.  2«). 

t  See  Whitman  Cro88  :  Geology  of  the  Denver  basin,  Monograph  xxvli,  U.  S.  GwA.  Surrey,  p.  l^- 
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of  flow  ;  the  smaller  ones  may  be  flattened  oval  in  shape.  Even  in  the 
weather-beaten  face  of  the  cliff*  the  presence  of  white  zeolitic  minerals 
filling  the  cavities  is  very  noticeable.  At  a  depth  of  2  or  3  feet  they  are 
usually  quite  fresh. 

Cross  and  Hillebrand  divide  the  zeolites  filling  the  amygdaloidal  cav- 
ities in  the  basalt  of  North  and  South  Table  mountains  into  two  groups, 
based  upon  their  method  of  occurrence.  The  minerals  of  the  first  group 
are  laumontite  and  stilbite,  and  are  to  be  found  only  on  the  floor  of  the 
cavities.  On  the  floor  of  many  of  the  cavities,  especially  of  the  larger 
ones,  there  is  to  be  seen  a  very  peculiar  bedded  deposit  of  yellowish  or 
reddish  yellow  color,  which  closely  resembles  a  friable  sandstone,  but 
which  is  shown  to  be  composed  of  mixtures  of  these  two  minerals. 
Included  in  the  minerals  of  the  first  group  are  also  to  be  mentioned 
occaaional  minute,  reddish  spherules  of  thomsonite.  These  latter  have 
not  been  observed  by  the  writer  in  the  newly  opened  locality  ;  but  with 
this  exception  the  minerals  of  the  first  group  are  quite  in  accordance 
with  the  descriptions  given  by  Cross  and  Hillebrand  and  may  be  passed 
over  without  further  comment. 

The  second  group  is  made  to  include  all  those  that  are  not  confined 
to  the  floor  of  the  cavities.  They  occur  on  the  roof  and  sides,  as  well  as 
on  the  floor  composed  of  zeolites  of  the  first  group,  or  they  completely 
line  cavities  that  do  not  contain  these  bedded  floors.  The  minerals  of 
this  second  group  are  thomsonite,  stilbite,  chabazite,  analcite,  apophyllite, 
and  mesolite,  to  which  maybe  added  calciteand  aragonite,  as  both  these 
minerals  occur  associated  with  the  zeolites  of  the  second  group. 

Thomsonite 

general  description 

It  is  universally  recognized  that  specimens  of  any  given  species  com- 
ing from  the  same  locality  usually  have  the  same  habit  and  general 
appearance.  This  similarity  affects  crystal  form  and  habit,  color,  luster, 
size,  and  association,  and  is  so  marked  that  mineralogists  do  not  hesitate 
to  identify  localities  by  such  peculiarities,  such  identification  of  localities 
usually  being  entirely  justified  by  the  facts.  Exceptions  to  this  rule  will 
doubtless  suggest  themselves  to  the  reader,  but  it  is  doubtful  if  a  more 
striking  one  can  be  found  than  is  shown  by  the  mineral  thomsonite  in 
the  particular  locality  under  discussion.  It  would  not  be  difficult  to 
select  four  or  more  specimens  of  this  mineral  coming  from  immediately 
adjacent  cavities  so  markedly  different  in  habit  and  general  appearance 
as  to  suggest  their  occurring  in  widely  different  localities.    In  fact,  one 
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may  be  justified  in  stating  the  contrast  in  still  stronger  terms,  inasmuch 
as  it  is  difficult  to  realize  that  the  several  specimens  really  represent  the 
same  mineral,  irrespective  of  their  common  origin.  This  great  diversity 
ia  undoubtedly  due  to  the  fact  that  the  several  varieties  have  been  formed 
under  varying  conditions.  It  is,  indeed,  possible  and  easy  to  recognize 
several  generations  of  thomsonite,  each  generation  having  its  own  habit. 
As  a  matter  of  fact,  two  such  generations  were  recognized  and  described 
by  Cross  and  Hillebrand.  Their  description  of  the  first  generation  is 
very  exact,  and  specimens  of  this  type  may  easily  be  identified  from  such 
description.  It  is  not  so  easy,  however,  to  identify  their  second  genera- 
tion with  any  individuals  of  the  later  ones  described  in  the  following 
pages.  Without  the  aid  of  photographs  or  other  illustrations,  it  is  no 
easy  matter  to  convey  an  accurate  conception  of  minerals  whose  forms 
are  not  clearly  cut.  It  is  to  be  hoped,  therefore,  that  the  reproductions 
of  carefully  made  photographs  accompanying  this  paper  will  give  some- 
thing like  an  accurate  idea,  impossible  through  the  printed  page  alone, 
of  the  occurrences  under  discussion. 

Altogether  three  distinct  types  may  be  distinguished,  representing 
successively  later  generations.  In  at  least  two  cases  one  or  two  sub- 
types are  recognized  and  are  designated  by  the  letter  a.  It  is  not,  how- 
ever, always  possible  clearly  to  distinguish  these  subtypes,  as  they  pass 
into  each  other  by  many  intermediate  stages.  In  case  of  the  three  main 
t3'pes,  designated  as  I,  II,  and  III,  there  is  ordinarily  no  difficulty  in 
making  the  proper  distinction.  This  may  be  done  by  the  peculiarities 
of  development,  as  well  as  by  the  association  with  the  other  zeolites  and 
with  each  other. 

TYPE  I 

This  represents  the  ordinary  habit  of  thomsonite  as  it  occurs  in  many 
places  on  both  Table  mountains,  and  is  very  characteristic  of  the  locality. 
The  following  description  of  this  habit,  taken  from  the  paper  by  Crosa 
and  Hillebrand,  fits  the  occurrence  admirably : 

**The  mineral  occurs  in  very  minute  rectangular  blades,  which  are  placed  upon 
each  other  like  the  leaves  of  a  closed  fan,  and  the  very  compact  combinations  of 
such  aggregates  are  usually  arranged  in  a  more  or  less  distinct  radiate  manner. 
Sometimes  spherical  forms  result,  in  other  cases  columns,  by  radiation  from  an 
axis,  or,  less  fi-equently,  walls,  the  blades  standing  at  right  angles  to  the  central 
plane.  .  .  .  When  a  large  surface  of  chabazite  has  Ixjen  completely  coated  by 
the  more  or  less  radiate  aggregates  of  thomsonite,  forming  an  undulating  snrfiw*, 
the  whole  has  a  most  delicate  silken  luster,  while  that  on  a  fractured  sarfHceof  A 
spherical  mass  is  moi-p  satin-like." 
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Figure  1  of  plate  43  gives  an  excellent  idea  of  this  habit.  The  glob- 
ular appearance  is  very  characteristic  of  many  of  the  specimens.  In  the 
lower  part  of  the  figure  may  be  seen  two  or  three  of  the  spherical  aggre* 
gates  broken  open  so  as  to  show  the  radiated  structure  and  the  satin-Kke 
luster.  In  this  specimen  the  surface  of  the  cavity  was  first  coated  by 
a  continuous  thin  layer  of  chabazite,  which  does  not  show  in  the 
figure.  This,  in  turn,  was  completely  covered  by  the  thomsonite.  A 
later  generation  of  thomsonite,  to  be  described  under  type  Ilia,  forms 
rough  surfaced  globular  aggregates  grown  on  the  surface  of  the  first 
generation. 

In  their  description  of  the  individual  minute  leaves  that  make  up 
these  radiate  aggregates.  Cross  and  Hillebrand  refer  to  the  macropinacoid 
as  the  dominant  form  with  subordinate  prism  and  brachypinacoid,  the 
terminal  face  being  the  basal  plane.  As  the  prism  is  nearly  at  right 
angles  and  the  leaves  examined  measure  only  about  0.01  millimeter  in 
thickness,  this  determination  is  naturally  only  a  surmise,  based  on  the 
generally  accepted  forms  given  in  the  standard  mineralogies.  In  spite 
of  the  minuteness  of  the  constituent  leaves,  it  is  quite  possible,  however, 
by  optical  investigations  to  show  that  the  brachypinacoid  rather  than 
the  macropinacoid  is  the  dominant  form.  This  determination  is  based 
on  the  generally  accepted  fact  that  the  best  cleavage  is  parallel  to  the 
brachypinacoid,  and  the  plane  of  the  optical  axes  is  parallel  to  the  basal 
pinacoid,  with  the  acute  positive  bisectrix  parallel  to  the  macro-axis. 
According  to  these  accepted  properties  of  thomsonite,  one  would  expect 
to  observe  a  positive  bisectrix,  with  the  axial  plane  at  right  angles  to  th^ 
vertical  crystal  axis  on  the  best  cleavage  planes.  These  observations 
have  been  verified  in  numerous  cases  on  individual  leaves  and  on  care* 
fully  selected  cleavage  pieces,  as  well  as  on  random  cleavages  produced 
by  pulverization.  The  mineral  cleaves  very  easily  parallel  to  the  leaves 
and  only  indifferently  at  right  angles  to  the  same.  This  determination 
of  the  position  of  the  positive  acute  bisectrix  was  also  supported  by  the 
behavior  of  the  same  material  in  parallel  polarized  light.  Individual 
leaves  and  cleavage  pieces  invariably  show  the  axis  of  least  elasticity 
parallel  to  the  vertical  axis.  The  extinction  is  always  i)arallel.  It 
should  be  stated,  however,  that  when  the  cleavage  pieces  are  not  selected, 
but  are  obtained  by  pulverization  and  examined  at  random,  occasion- 
ally one  may  lie  on  the  poorer  macropinacoidal  cleavage  plane.  In  this 
case  the  vertical  axis  is  the  axis  of  greatest  elasticity.  It  may  be  well 
to  state  here  in  anticipation  that  in  case  of  all  the  other  types  of  thom- 
sonite, wherever  the  forms  are  tabular,  the  brachypinacoid  may  be  shown 
in  the  same  way  to  be  the  dominant  form. 
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Thomsonite  of  this  habit  is  very  likely  to  be  the  first  mineral  deposited 
on  the  roof  and  sides  of  the  cavities,  and,  where  there  is  no  bedded  floor 
composed  of  mixed  zeolites,  this  is  also  true  of  the  bottom  of  the  cavities. 
Usually,  however,  it  is  laid  down  on  a  thin  coating  of  chabazite. 

TYPE  II 

Thomsonite  of  this  type  never  forms  compact  aggregates.  The  indi- 
vidual crystals  are  usually  rectangular  tablets  of  small  size  (1  millimeter 
or  less),  but  still  they  are  relatively  much  larger  than  the  individual 
leaves  of  type  I.  These  little  tablets  bunch  themselves  together  into 
delicate,  snow  white,  prismatic  aggregates  that  frequently  taper  to  a  point 
or  branch  into  smaller  offshoots.  The  whole  interior  of  a  cavity  may  be 
thickly  covered  with  a  growth  of  the  delicate  tapering  and  branching 
prisms  such  as  is  shown  in  figure  2  of  plate  43.  Sometimes  these  cono- 
plex  prisms  are  so  fragile  that  a  slight  pressure  of  the  fingers  will  crush 
them.  More  frequently  they  are  firm  enough  to  stand  considerable 
pressure,  such  as  would  be  produced  by  wrapping  in  cotton  and  tissue 
paper,  llie  complex  prisms  usually  attain  a  length  of  a  quarter  to  half 
an  inch.  Not  infrequently  thomsonite  of  this  type  forms  more  or  less 
parallel  continuous  prismatic  aggregates  a  quarter  to  half  an  inch  thick, 
completely  coating  a  cavity.  In  this  case  the  appearance  described  above 
is  produced  by  the  continued  growth  of  some  of  the  complex  prisms  form- 
ing the  base.  Occasionally  one  may  notice  this  variety  of  thomsonite 
directly  coating  the  surface  of  the  cavity  or  lying  on  a  thin  film  of 
chabazite.  Nearly  always,  however,  a  close  examination  will  disclose  an 
underlying  layer  of  thomsonite  of  the  first  type.  The  aggregates  com- 
posing this  second  growth  do  not,  however,  continue  the  growth  of  the 
first  generation,  but  rest  quite  indifi'erently  on  this  as  a  base. 

TYPE  I  la 

No  sharply  defined  line  can  be  drawn  between  this  and  type  II.  In 
its  best  developed  form  it  consists  of  similar  complex,  prismatic  aggre- 
gates diverging  regularly  and  symmetrically  from  common  points  so  as 
to  form  beautiful  delicate  hemispherical  bunches.  At  the  same  time  the 
delicate  prisms  become  longer  and  straighter  and  taper  out  into  hair- 
like forms,  and  thus  appear  to  pass  insensibly  into  the  mineral  mesolite. 
These  hemispherical  balls  may  sometimes  coalesce,  but  usually  they  lie 
quite  distinct  and  beautifully  regular.  Figure  1  of  plate  44  presents  an 
excellent  likeness  of  this  habit  where  the  prisms  are  fairly  coarse  and 
firm.  It  lies  here  on  a  continuous  layer  of  thomsonite  of  the  first  type. 
Apparently  types  II  and  Ila  belong  to  the  same  generfition.    They  do  not 
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appear  to  occur  together,  but  they  bear  the  same  relationships  to  the  older 
and  younger  minerals,  and  are  closely  connected  by  intermediate  stages.. 
A  careful  investigation  of  individual  leaves  of  II  and  of  Ila,  in  parallel 
and  convergent  polarized  light,  revealed  the  same  characteristics  as  are 
described  under  type  I,  with  this  exception :  that  the  optical  axial  angle 
is  considerably  greater  in  leaves  of  types  II  and  Ila  than  in  type  I. 
Means  for  the  determination  of  the  optical  axial  angle  were  not  at  the 
disposal  of  the  writer. 

TYPE  III  ' 

Thomsonite  having  this  habit  occurs  commonly  filling  cavities  nearly 
or  quite  full.  It  forms  solid  masses  formed  of  radiating  fairly  coarse 
white  blades  that  may  reach  a  length  of  two  or  more  inches.  Where  the 
cavity  is  not  completel}'  filled,  these  radiating  aggregates  assume  hemi- 
spherical shaped  forms,  measuring  from  one  to  three  inches  across.  They 
never  terminate  smoothly,  but  the  fibers  may  gradually  taper  out  into 
fine  hairs  resembling  those  of  mesolite,  or  more  commonly  they  may 
become  covered  with  the  rough  bladed  aggregates  forming  type  Ilia. 
As  against  the  older  generations  of  thomsonite,  this  variety  is  quite  dis- 
tinct, although  it  may  merge  into  mesolite  varieties  by  insensible  grada- 
tions. Figure  2  of  plate  44  illustrates  a  solid  amygdule  composed  of 
thomsonite  of  this  character.  It  is  deposited  upon  a  coating  of  thom- 
sonite of  the  first  type,  and  this  upon  chabazite.  In  figure  2  of  plate  45 
we  have  a  section  through  one  of  these  radiated  aggregates  which  rests 
upon  thomsonite  of  the  first  type.  The  extremities  of  the  radiating  blades 
extend  into  delicate  separate  fibers  that  resemble  the  fine  hair-like  growth 
to  be  described  as  mesolite.  Some  of  these  fibers  penetrate  crystals  of 
analcite  that  do  not  show  plainly  in  the  figure.  In  this  case  therefore 
the  thomsonite  is  older  than  the  analcite.  This,  however,  is  not  always 
the  Q^e,  for  thomsonite  of  this  habit  has  been  observed  resting  upon 
analcite  as  well  as  on  chabazite  and  on  thomsonite  of  types  I  and  II. 

TYPE  Ilia 

The  mineral  is  composed  of  thin  rectangular  leaves,  confusedly  inter-. 
lac^,  so  as  to  form  a  very  rough  porous  aggregate  that  bears  a  resem- 
blance to  grated  cocoanut.  Almost  always  this  cocoaiiut-like  mass  is  to 
be  found  on  the  surface  of  hemispherical  aggregates  of  the  type  just  de- 
scribed. Still  thomsonite  of  type  III  does  not  always  pass  into  this 
variety,  and  Ilia  has  been  observed  occasionally  quite  unconnected  with 
111,  Whether  it  really  forms  a  generation  by  itself  may  be  doubted. 
Figure  1  of  plate  45  gives  a  fairly  good  idea  of  this  habit. 
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Cleavage  flakes  and  individual  leaves  taken  from  both  III  and  Ilia 
show  the  same  optical  properties  as  do  those  from  II  and  IIo. 

Mesolite 

This  mineral  occurs  as  extraordinarily  delicate  aggregates,  composed 
of  long,  slender,  hair-like  fibers.  They  are  often  exquisitely  beautiful, 
and  the  variety  of  structure  and  general  appearance  appears  to  be  almost 
infinite.  All  the  specimens  thus  far  obtained  may,  however,  be  con- 
veniently classified  under  three  general  types,  which  are  designated  re- 
spectively as  types  a,  6,  and  c. 

First,  type  a.  Ilie  fibers  form  loosely  felted  masses  that  resemble  fine 
cotton  wool. 

Second,  type  b.  The  fibers  are  distinct  and  separate,  and  form  delicate 
brushes  with  parallel  or  nearly  parallel  bristles.  This  particular  variety 
is  not  common.  It  is  apt  to  grow  on  the  hemispherical  bunches  of  thorn- 
sonite  of  type  Ila. 

Third,  type  c.  The  felted  aggregate  is  composed  of  fibers  that  lie 
approximately  in  one  plane,  so  as  to  form  a  fragile  gauze  or  cobweb-like 
membranes. 

Figures  1  and  2  of  plate  46  and  figure  1  of  plate  47  represent  three 
specimens  typical  of  type  a,  and  figures  1  and  2  of  plate  48  exhibit  two 
phases  of  type  c.  In  figure  2  of  plate  47  there  is  to  be  seen  an  excellent 
example  of  type  b  on  the  right  side,  while  the  specimen  on  the  left  is 
intermediate  between  6  and  c. 

These  three  types  of  mesolite,  as  well  as  the  numerous  intermediate 
varieties,  may  be  seen  growing  on  analcite  and  on  thomsonite  of  all 
types,  but  not  on  chaba^te,  as  this  last  named  zeolite  is  invariably  first 
covered  over  by  another  mineral.  They  are  very  closely  associateii  with 
thomsonite  of  types  II,  Ila,  III,  and  Ilia,  and  their  extremely  deli- 
cate fibers  often  appear  to  be  but  continuations  of  the  coarser  thomsonite 
growths  that  support  them.  More  especially  is  this  intimate  association 
to  be  seen  between  mesolite  and  thomsonite  of  type  III.  Not  infre- 
quently cavities  several  inches  in  diameter  (4  to  8  inches)  have  their 
centers  filled  with  a  rather  dense,  wool-like,  matted  aggregate  of  mesolite* 
while  the  outer  portion  is  composed  of  thomsonite  of  type  III. 

But  the  determination  of  this  fine  fibrous  mineral  as  mesolite  depends 
entirely  on  the  chemical  analysis,  as  the  fibers  are  far  too  fine  to  admit 
of  a  decisive  physical  or  optical  investigation.  Optically  about  all  that 
can  be  observed  is  a  parallel  extinction,  with  usually  positive  extinction. 

It  is  perhaps  well  to  state  that  at  the  time  when  this  paper  was  pre- 
pared it  was  supposed  that  this  mineral,  mesolite,  was  really  thomsonite, 
and  specimens  sent  out  from  the  Colorado  School  of  Mines  were  so  labeled. 
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This  detertninatiou  as  mesolite  was  based  on  a  carefully  made  chemical 
analysis,  which  apparently  closely  coincided  with  analyses  of  undoubted 
thomsonite  from  Table  mountain  and  elsewhere;  but  inasmuch  as  Cross 
and  Hillebrand  had  published  analyses  of  an  apparently  identical 
mineral  from  Table  mountain,  and  had  determined  the  mineral  to  be 
mesolite,  it  seemed  advisable  to  submit  the  material  in  question  to  a 
renewed  investigation.  The  result  showed  that  the  material  used  for 
the  first  analysis  was  not  absolutely  pure,  but  contained  just  enough 
carbonate  of  calcium  to  make  the  analysis  closely  ap{)roximate  that  of 
thomsonite.  The  material  on  which  ihe  later  analysis  was  made  was 
obtained  at  a  later  date  and  proved  to  be  perfectly  pure. 

Chemical  Analyses 


The  chemical  analyses  given  below  were  carried  out  in  the  chemical 
laboratories  of  the  Colorado  State  School  of  Mines.  Analyses  1  and  2 
were  made  by  President  Regis  Chauvenet,  and  number  3  by  Doctor 
Robert  N.  Hartmann.  In  presenting  these  analyses  the  author  wishes 
herewith  to  acknowledge  gratefully  the  valuable  assistance  thus  ren- 
dered. In  all  three  cases  great  care  was  exercised  to  secure  absolutely 
pure  material.  Number  1  was  taken  from  thomsonite  of  type  II  and 
was  obtained  by  carefully  breaking  off  the  freely  projecting  needles  and 
prisms.  Number  2  was  taken  from  the  center  of  a  mass  some  2  inches 
in  diameter  and  represents  thomsonite  of  type  III.  Number  3  repre- 
sents a  fine  cotton-like  mass  of  mesolite.  For  purposes  of  comparisoHj 
five  analyses  are  also  given  which  were  made  by  W.  F.  Hillebrand* 
from  material  collected  by  the  U.  S.  Geological  Survey  from  Table  moun- 
tain. Judging  from  the  descriptions  accompanying  these  analyses,  IX 
and  X  represent  thomsonite  of  type  I,  while  XI  and  XII  represent 
either  type  II  or  type  III.    Number  XVIII  is  mesolite. 


8iO,. 
A1,0, 
CaO. 
Na,0 
H,0. 


Num- 
ber 1. 


41.34 
30.35 
11.20 
5.04 
12.27 


100.20 


Nam- 
ber2. 


41.59 
30.59 
11.15 
4.66 
12.24 


100.28 


Num- 
ber 3. 


45.59 

25.18 

8.93 

7.65 

12.67 


100.02 


IX. 


40.88 
29.68 
11.88 
4.72 
12.91 


100.07 


40.68 
30.12 
11.92 
4.44 
12.86 


100.02 


XI. 


41.21 
29.71 
11.34 
5.62 
12.20 


100.08 


XII. 


42.66 
29.25 
10.  JK) 
4.92 
12.28 


100.01 


XVIII. 


46.17 

26.88 

8.77 

6.19 

12.16 


100.17 
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For  the  purpose  of  checking  analysis  number  3  a  corroborative  test 
for  silica  was  made  on  another  sample  of  mesolite,  which  gave  SiO  = 
44.83. 

The  following  description  of  the  method,  pursued  in  the  analysis  of 
mesolite  has  been  furnished  by  Doctor  Hartmann.  The  mineral  was 
air-dried  and  analyzed  by  the  method  customarily  employed  with  sili- 
cates decomposed  by  HCl .  H^O  was  determined  by  cautious  ignition  at 
a  low  red  heat,  and  the  residual  silicate  used  for  further  analysis.  The 
silica  was  treated  with  ammonium  fluoride  and  Na^SO^  to  test  the  purity. 
The  sodium  was  weighed  as  sulphate  obtained  by  ignition  of  the  salts  of 
the  evaporated  filtrate  from  the  calcium  determination  with  H^SO^, 
Platinum  vessels  were  used  wherever  possible. 

Chabazite 

Chabazite'  is  the  commonest  of  the  zeolites  found  on  the  Table  moun- 
tains at  Golden.  It  forms  thia  crusts  lining  the  smaller  cavities,  and  is 
invariably  the  oldest  mineral  deposited.  It  is  difficult,  however,  to  secure 
good  specimens  of  this  mineral  without  retaining  a  large  piece  of  the 
inclosing  basalt.  This  isvdue  to  the  brittleness  of  chabazite  and  to  the 
fact  that  the  cruste  are  always  very  thin,  so  that  when  separating  from 
the  rock  the  fragile  crusts  break  into  small  fragments. 

In  their  description  of  this  mineral  as  it  occurs  on  North  and  South 
Table  mountains  Cross  and  Hillebrand  state  that  it  occurs  in  simple 
rhombohedrons  or  in  plain  rhombohedrons  twinned  parallel  to  the  basal 
plane.  With  the  exception  of  the  locality  from  which  the  zeolites  de- 
scribed in  the  present  paper  were  obtained,  it  is  true,  as  far  as  the  obser- 
vation of  the  writer  goes,  that  the  chabazite  crystals  are  invariably  simple 
or  twinned  rhombohedrons.  It  is  all  the  more  surprising,  therefore,  to 
find  that  at  this  particular  quarry  the  chabazite  crystals  possess  a  far 
more  complicated  form  than  has  been  observed  before. 

The  chabazites  of  this  locality  vary  from  white  to  reddish  in  color, 
and  in  size  from  5  to  10  millimeters.  Not  infrequently  both  white  and 
reddish  crystals  may  be  found  on  the  same  specimen.  ITiere  are  a  few 
simple  rhombohedrons  that  show  interpenetrating  twinning  such  as 
are  to  be  seen  at  other  localities  on  the  same  mountain ;  but  in  nearly 
all  cases  the  form  is  not  only  twinned,  but  is  quite  complex.  The  fol- 
lowing forms  may  be  identified  on  most  of  the  crystals:  +  R(10U\ 
—  2R (0221)  =  8,  —  iR (0112)  =  e,ooP2 (1120)  =  n;  also  two  scaleno- 
hedrons. 

Figure  2  of  plate  49  is  intended  to  represent  one  of  these  twinned 
crystals  in  its  customary  development.     In  the  general  distribution  of 
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FiQURK  1. — Floor  of  mixrd  Laumontitk  and  Stilbite 

FU>or  is  composed  of  layer  of  Laiirnontito,  %  inch  thick,  isolated  Analcite  crystals  and 
layer  of  Thomson itc  of  Type  II,  %  inch  thick.    One-third  natural  sixe 
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FLOOR  OF  LAUMONTITE  AND  STILBITE  AND  DRAWING  OF  CHABAZITE  CRYSTAL 
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the  faces  and  slight  distortion  it  fairly  well  represents  an  actual  crystal, 
although  the  crystal  as  it  occurs  does  not  show  all  the  faces  represented 
in  the  drawing.  It  is  very  common  to  find  one  of  the  interpenetrating 
crystals  smaller  than  the  other,  as  is  shown  in  figure  2  of  plate  49,  but 
other  crystals  show  every  possible  degree  of  distortion  of  one  or  both  of 
the  two  individuals.  In  many  cases  one  of  the  interpenetrating  indi- 
viduals may  be  almost  suppressed  or,  what  amounts  to  the  same  thing, 
may  show  just  a  corner  of  the  rhombohedron  projecting  from  the  face  of 
the  other  and  larger  individual ;  but,  with  all  the  varying  degrees  of  dis. 
tortion  and  suppression,  three  of  the  forms  are  almost  always  to  be  seen. 
These  are  i2,  —  2  fi,  and  oo  P2 — that  is,  fi, «,  and  a.  The  flatter  rhombo- 
hedron e  is  very  often  missing,  or  is  present  on  one  and  missing  on  the 
other  twinned  individual. 

The  two  scalenohedrons  are  never  present  as  distinct  faces,  but  as 
strongly  developed  striations.  Nevertheless  they  are  well  enough  devel- 
oped to  give  distinct  flashes  of  light.  By  their  intersections  they  form 
flat  ridges  upon  the  faces  of  the  rhombohedron  R.  Almost  always  one 
of  these  striating  scalenohedrons  may  be  detected,  while  the  other  one 
is  mainly  absent. 

The  more  common  of  the  two  scalenohedrons  striates  R  parallel  to  the 
rhombohedron  edges  that  meet  at  the  vertex  of  the  crystal — that  is, 
parallel  to  the  edge  formed  by  R  and  e.  It  forms  by  the  intersections  of 
the  striations  a  very  flat  ridge  on  the  face  of  iJ,  running  from  the  top  of 
the  crystal  down  toward  the  middle  of  the  face.  The  other  scaleno- 
hedron  striates  R  on  the  lower  part  of  the  face  parallel  to  the  zigzag 
edges — that  is,  parallel  to  the  edge  formed  by  R  and  a.  It  forms  a  flat- 
ridge  that  runs  from  the  point  of  intersection  of  two  lateral  edges  up- 
ward till  it  meets  the  ridge  formed  by  the  other  scalenohedron.  By 
their  mutual  intersections  these  two  scalenohedrons  also  form  two  hori- 
zontal flat  ridges.  Thus  four  ridges  are  formed  that  divide  the  face  R 
into  quadrants..  The  above  description  of  the  striating  scalenohedrons 
applies,  of  course,  only  to  ideally  or  symmetrically  developed  crystals, 
such  as  are  never  realized  in  nature.  As  a  matter  of  fact,  only  occa- 
sionally do  the  striations  approach  to  symmetry.  In  nearly  all  cases 
the  flat  striation  ridges  are  shoved  to  one  side  or  the  other  or  are  entirely 
crowded  off.  An  attempt  to  illustrate  this  distortion  of  the  scalenohedral 
striations  is  made  in  the  shading  of  the  faces  of  R  in  figure  2  of  plate  49. 

As  far  as  is  known  to  the  writer,  the  chabazite  crystals  that  are  most 
nearly  akin  to  these  from  Golden  are  the  crystals  from  the  phonolite 
near  Riibendorfel,  in  Bohemia.*    These  crystals  from  Riibendorfel  (com- 

*  Doctor  C.  HinUe  :  Haifdbuch  der  Minerulogie,  Leipzig,  1897,  p.  1777. 
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monly  labeled  as  from  Aussig)  show  scalenohedral  striations  and  also 
similar  forms  and  twinning,  but  lack  the  prism  a. 

Other  Zeolites 

analcitb 

The  other  zeolites  present  may  be  dismissed  with  a  very  brief  mention, 
inasmuch  as  they  have  already  received  ample  description.  Next  to 
thomsonite  analcite  is  the  most  abundant  zeolite  present.  The  milky 
white  variety  is  the  most  abundant,  but  clear  glassy  crystals  are  not  want- 
ing. In  size  they  vary  from  1  millimeter  up  to  2i  inches  in  diameter. 
Specimens  measuring  1  inch  are  common.  They  sometimes  occur  alone, 
lining  the  cavities  on  all  sides,  but  more  frequently  they  lie  on  a  coating 
of  chabazite  or  of  thomsonite  of  types  I  and  II.  The  form  is  the  char- 
acteristic trapezohedron  2  02  (211),  sometimes  with  the  edges  running  to 
the  center  of  the  octant  slightly  truncated  by  the  trisoctahedron  f  0  (382). 
Its  period  of  growth  about  corresponds  with  that  of  thomsonite,  type 
III,  as  it  occurs  sometimes  beneath  this  variety,  sometimes  penetrated 
by  its  needles.  In  one  case  a  few  minute  crystals  of  analcite  were  ob- 
served growing  upon  the  very  delicate  hairlike  fibers  of  mesolite.  This 
would  indicate  that  analcite  occurs  here  in  two  generations. 

APOPHYLLITB 

Apophyllite  is  very  sparingly  represented  by  snow-white  opaque 
crystals,  with  the  characteristic  steep  pyramid  and  indirect  prism.  It 
occurs  in  crystals  from  a  quarter  to  half  an  inch  in  length ;  is  always 
associated  with  analcite  and  always  imbedded  in  and  therefore  older 
than  that  mineral. 

STILBITE  AND  LAUMONTITE 

Stilbite  and  laumontite  occur,  as  described  by  Cross  and  Hillebrand, 
forming  the  bedded  floor  of  many  cavities,  and  also  as  larger  and  dis- 
tinctly crystallized  specimens  growing  freely  on  the  upper  surface  of  the 
bedded  floors.  A  second  generation  of  both  of  these  minerals  has  been 
noted  in  a  few  cases.  In  one  case  snow-white  crystals  of  laumontite 
showing  the  customary  square  prism  and  steep  orthddome  occur,  grow- 
ing on  a  quarter-inch  layer  of  thomsonite,  which  forms  the  uppermost 
deposit  of  the  bedded  floor.  These  laumontite  crystals  measure  from  5 
to  10  millimeters  in  length  and  half  a  millimeter  or  more  in  thickness. 
The  position  of  this  thomsonite  layer  with  reference  to  the  order  of 
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deposition  is  not  clear,  but  it  resembles  type  II  more  closely  than  any 
other. 

CALCITE  AND  ARAQONITB 

Calcite  is  only  occasionally  present  in  scaienohedral  crystals.  Its 
position  appears  to  lie. between  thomsonite,  type  III,  and  mesolite. 
Aragonite  is  more  commonly  present.  It  is  the  very  latest  mineral  de- 
posited, and  occurs  in  thin  transparent  or  whitish  coatings  on  most  of 
the  younger  minerals. 

Order  of  Deposition 

The  minerals  here  described,  as  well  as  their  different  varieties,  occur 
so  frequently  associated  together  that,  for  most  of  them,  the  order  of 
deposition  is  very  readily  observed.  For  the  purpose  of  ready  compar- 
ison, the  order  as  determined  in  the  new  locality  and  that  given  by  Cross 
and  Hillebrand  are  placed  in  parallel  columns. 

Order  of  depositioa  in  new  locality.  Order  of  deposifcion  observed  by  CroHS  and 

Hillebrand. 

1.  Laumontite.  1.  Laumontite. 

2.  Stilbite.  2.  Stilbite. 

3.  Chabazite.  3.  Thomsonite. 

4.  Thomsonite,  type  I.  4.  Calcite  (yellow). 

5.  Apophyllite.  5.  Stilbite. 

*    6.  Thomsonite,  types  II  and  Ila.  6.  Chabazite. 

7.  Laumontite.  7.  Thomsonite. 

8.  Stilbite.  8.  Anal'cite. 

9.  Analcite.  9.  Apophyllite. 

10.  Thomsonite,  type  III.  10.  Calcite  (colorless). 

11.  Calcite.  11.  Mesolite. 

12.  Thomsonite,  type  Ilia. 

13.  Mesolite. 

14.  Analcite. 

15.  Aragonite. 

The  differences  between  the  two  will  be  seen  to  be  very  slight,  and  can 
mostly  be  accounted  for  by  the  recognition  of  a  second  period  of  laumon- 
tite deposition  and  of  the  different  stages  of  thomsonite  formation. 

Summary 

In  a  newly  oi)ened  quarry  on  the  east  face  of  North  Table  mountain 
at  Golden,  Colorado,  are  found  a  great  variety  of  zeolites  of  which  thom- 
sonite, mesolite,  and  chabazite  are  the  most  imjjortant.  These  occur 
sometimes  separately,  filling  or  lining  adjacent  cavities,  but  more  often 


474         H.  B.  PATTON — THOMSONITE,    MESOLITE,   AND  CHABAZITE 

in  successive  deposits  in  the  same  cavity.  The  thomsonite  is  chiefly 
remarkable  for  the  great  variety  of  types  in  which  it  occurs,  each  type 
representing  a  distinct  generation.  A  microscopical  investigation  indi- 
cates that  the  brachypinaooid  is  the  dominant  form,  instead  of  the 
macropinacoid,  as  formerly  supposed. 

The  mesolite  is  distinguished  both  by  great  variety  of  type  and  by 
exquisite  beauty  and  delicacy.  Chabazite  occurs  in  crystals  that  show 
twinning  parallel  to  the  basal  plane  and  an  unusual  development  of 
forms. 

The  zeolites,  together  with  calcite  and  aragonite,  as  they  occur  here, 
indicate  no  less  than  fifteen  distinct  stages  or  periods  of  mineral  depo- 
sition. 
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Numbers  1-5,  bombshell  ore  ;  0-11,  pipe  ore  ;  12,  breeciated  ore 


Fuji  RK  2,— Viem   in  the  Hister  Ore  Bakk 
Showing  an  ore  pocket  in  eroded  cavity  in  the  limestone 
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Introduction 


The  object  of  this  paper  is  to  explain  the  genesis  of  the  limonite  ores 
of  the  limestone  valleys  in  central  and  eastern  Pennsylvania,  to  show 
the  original  sources  of  the  iron,  the  modes  of  its  accumulation,  and  to 
account  for  its  frequent  occurrence  along  with  more  or  less  extensive 
bodies  of  white  and  parti-colored  clays.  The  data  and  conclusions  pre- 
sented are  based  on  field  studies  of  the  limonite  ores  of  the  limestone 
areas  in  the  Great  valley  and  in  portions  of  Nittany  valley. 

The  occurrence  of  limonite  ores  in  Pennsylvania  has  been  known  a 
great  many  years;  in  fact,  they  have  been  employed  in  the  manufacture 
of  iron  ever  since  that  industry  began  in  this  country.    They  occur  in 
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every  geological  formation  and  in  every  county  in  the  state,  but  this 
paper  treats  only  of  those  in  the  limestone  valleys  of  the  central  and 
eastern  portions  and  the  closely  associated  ores  of  the  underlying  slates. 
What  is  said  will  apply  equally  well  to  many  similar  deposits  along  the 
Great  valley  of  the  Appalachians,  but  it  is  not  intended  primarily  to 
include  all  of  the  Great  valley  deposits,  or  any  part  of  them  outside  of 
Pennsylvania.  • 

Much  has  been  written  about  these  limonite  deposits,  and  many  ex- 
planations have  been  offered  to  account  for  them.  While  the  different 
hypotheses  heretofore  advanced  have  been  taken  into  consideration,  the 
conclusions  in  this  paper  are,  as  previously  stated,  based  primarily  on 
field  observations  made  by  the  writer  during  the  years  1898  and  1899. 

Geological  Position  of  the  Ores 

The  limonite  ores  in  question  occur  in  residual  deposits  on  the  Ordo- 
vician  and  Cambrian  limestones  and  slates.  They  are  referred  to  ifi 
literature  as  the  Cambro-Silurian  ores,  signifying  that  they  occur  partly 
in  the  Cambrian  and  partly  in  the  Silurian  rocks,  but  that  portion  of 
what  was  formerly  called  Silurian  is  now  more  commonly  called  Ordo- 
vician.  The  Ordovician  portion  of  the  series  is  included  in  the  number 
II  or  Trenton  group  of  the  classification  of  the  Second  Pennsylvania 
Geological  Survey.  Trenton,  as  thus  used,  includes  all  the  Ordovician 
below  the  Utica  shale.  The  lower  portion  of  the  series,  including  the 
slates  and  quartzites,  is  called  group  number  1  or  "  Chiques  quartzite" 
by  the  Pennsylvania  Survey.  In  the  earlier  reports  it  was  correlated 
with  the  Potsdam  of  New  York,  but  Lesley  in  his  later  reports  advised 
the  use  of  the  local  term,  Chiques  or  Hellam.  Walcott's  more  recent 
investigations*  show  that  the  quartzite,  slates,  and  some  of  the  lime- 
stones carry  the  Olenellus  fauna,  and  hence  are  Lower  Cambrian.  The 
Upper  and  Middle  Cambrian  faunas  have  not  been  determined  in  this 
area,  except  the  lower  horizon  of  the  Middle  Cambrian  in  one  locality. 
The  upper  j)ortion  of  the  limestones  carries  the  Trenton  fauna,  and  a  few 
Chazy  and  Calciferous  forms  have  been  found  in  lower  portions,  but  the 
strata  between  the  Trenton  at  the  top  and  the  Lower  Cambrian  have  so 
far  shown  no  well  defined  fauna,  and  have  not  been  carefully  classified. 
It  has  not  been  possible  even  to  draw  a  definite  boundary  between  the 
Cambrian  and  the  Ordovician,  so  we  are  compelled  to  still  speak  of  the 
strata  in  their  entirety  as  Cambro-Ordovician.  It  is  on  them*that  theorem 
in  (question  occur,  some  near  the  top  of  the  Trenton,  some  on  the  I^)wer 
Cambrian,  and  many  over  the  vague  horizons  between  these  limits. 

•  Bull,  No.  134  of  the  U.  S.  Geol.  Survey. 
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It  should  be  noted,  however,  that  the  ore  deposits  in  large  measure  are 
on  and  not  in  the  rocks  of  this  age — that  is,  they  are  residual  deposits 
and  have  been  formed  since  the  uplift  of  these  beds  in  late  or  post- 
Permian  time.  The  process  of  formation  is  going  on  at  present  and  has 
been  presumably  more  or  less  continuous  since  Carboniferous  time. 

Description  op  the  Orbs 
associated  minerals  and  classification 

The  bulk  of  the  ores  consists  of  the  mineral  limonite,  associated  with 
which  are  variable  quantities  of  the  other  hydrous  oxides,  turgite  and 
goethite,  and  the  anhydrous  oxides,  hematite  and  magnetite.* 

The  ores  occur  in  many  diversified  forms,  which  might  be  variously 
classified,  but  for  convenience  the  following  group  names,  based  on  form, 
are  used  by  the  author:  nodular  ore,  pipe  ore,  brecciated  ore,  flake  or 
sheet  ore,  fragmental  ore,  and  yellow  ocher. 

NODULAR  ORE 

The  nodular  ore  consists  of  irregularly  rounded  masses,  varying  in 
size  from  a  fraction  of  a  pound  to  several  hundred  pounds  in  weight. 
The  masses  are  frequently  hollow  (see  numbers  2  and  3  in  plate  50, 
figure  l),.but  some  inclose  a  rounded  or  subangular  rock  fragment  (see 
number  1  in  figure  1),  which  is  sometimes  sandstone,  as  in  the  illustra- 
tion, sometimes  chert,  sometimes  slate,  and  sometimes  clay.  Some  of 
the  shells  are  filled  with  clay  or  sand,  and  workmen  report  finding  many 
of  them  filled  with  water.  Some  are*  filled  with  clay,  which  still  retains 
the  laminated  structure  and  appearance  of  the  original  slate  from  which 
the  clay  was  derived.  Furthermore,  this  slaty  structure  was  found  to 
extend  through  the  ore  shell,  which  showed,  besides  the  plain  lamination 
of  the  slate,  a  faint  concentric  structure  as  well.  This  shell,  which  is 
illustrated  in  figure  1,  was  not  found  imbedded  in  the  slate,  but  in  the 
loose  material  on  an  outcrop  of  it  where  it  occurred  along  with  many 
similar  ones.  It  was  clearly  a  concretionary  form  in  the  slates,  an  ad- 
vanced stage  of  the  concentric  structure  that  may  be  seen  in  almost  any 
shale  bed.  While  only  one  shell  was  found  still  retaining  the  lamina- 
tions in  the  clay,  there  were  many  others  containing  clay  and  sand. 
Some  of  the  shells  are  but  thin  crusts,  while  others  are  quite  thick, 
almost  solid  ;  some  have  a  rough  irregular  inner  surface,  while  others 
have  a  smooth,  velvety  or  bright  mammillated  inner  surface,  frequently 

«The  ext«iiMive  dopoMit  of  magnetite  at  Cornwall,  Pennsylvania,  while  occurring  at  about  the 
HAtne  geological  horizon,  in  ho  intimately  associated  with  igneous  dikoH  that  it  will  not  be  consid- 
ered with  the  limonite  deposits. 
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coated  with  manganese  oxide.     In  some  instances  the  lining  of  the  shell 

is  covered  with  a  great 
many  small  stalactite:* 
of  ore,  indicating  a  de- 
posit on  the  interior 
since  the  shell  wa^ 
formed.  Many  of  the 
shells  are  lined  with  a 
dense  fibrous  layer, 
often  an  inch  or  more 
in  thickness.  Thelai^l 
two  varieties  resemble 
some  of  the  quartz 
geodes  and  indicate  a 
similar  origin.  The 
thinner  shells  have  nearly  all  been  broken,  and  we  see  only  the  fragments 
of  them  in  the  clay-ore  masses.  This  shell  form  of  the  ore  is  common 
throughout  the  area  and  forms  an  appreciable  part  of  the  ore  body  in 
many  places.  The  small,  irregular,  nodular-like  pieces  of  ore,  commonly 
known  as  shot  ore,  are  presumably  closely  related  in  origin  to  the  shells, 
the  difference  being  that  the  segregation  was  around  more  numerous 
centers,  and  hence  resulted  in  smaller  pieces. 


Fi'.i'RR  1- — C'l't'tft^tion  of  Ore  Xo^iulf  from  Camhrinu  Slnttg. 


PIPE  ORE 

Pipe  ore  comprises  two  distinct  ty[)es,  one  of  which  (illustrated  by 
numbers  6,  7,  8, 9,  and  11  in  plate  50,  figure  1)  consists  of  heavy  compact 
pipe-like  masses  from  1  or  2  to  8  or  10  inches  in  diameter,  the  ore  crust 
being  from  a  fraction  of  an  inch  to  3  inches  or  more  in  thickness.  In 
nearly  all  cases  this  type  of  pipe  ore  is  impregnated  with  clay,  grains  of 
sand,  and  other  foreign  material.  The  inference  is  that  the  iron  oxide 
was  deposited  around  lime  stalactites  or  stalagmites  which  were  subse- 
quently leached  out  and  carried  awa3\  The  presence  of  the  sand  and 
foreign  material  in  tlie  oxide  suggests  that  the  lime  stalactites  were  im- 
bedded in  the  clay  and  sand  when  the  deposition  of  the  iron  took  place. 
The  other  type  of  the  pipe  ores  consists  of  a  loose  aggregation  of  slender 
])i|)es  or  rods,  all  having. a  general  parallelism  and  each  pipe  cementtni 
to  its  neiglibors  at  frequent  intervals.  The  iron  oxide  is  comparatively 
free  from  impregnating  foreign  material.  Somewhat  similar  forms  of 
lime  carbonate  have  been  observed  where  the  watery  from  a  lime  sprin*; 
trickle  over  an  overhanging,  jagged  ledge  of  rock,  either  on  the  surface 
or  in  a  subterranean  cavity,  and  the  inference  is  that  the  pil>e  ores  have 
been  formed  in  a  somewhat  similar  manner.     They  have  all  been  broken 


DESCRIPTION   OF  THK  ORES  479 

from  their  original  position,  and  are  now  found  only  in  fragments  inter- 
mingled in  the  clay  mass.  The  pipe  ores  have  not  been  observed  in  the 
sandstone  or  slate  areas,  but  are  abundant  in  limestone  ore  regions,  in 
Home  places  forming  the  major  part  of  the  ore.. 

BRECCIA  TED  ORE 

The  brecciated  ore  consists  of  fragments  of  chert,  sandstone,  or  slate, 
cemented  by  iron  oxide  into  a  solid  mass.  These  masses  are  sometimes 
quite  large,  many  tons  in  weight,  forming  so-called  solid  ore  bodies. 
Frequently  the  inclosed  rock  fragments  disintegrate  and  crumble  out, 
leaving  the  more  or  less  cavernous  skeleton  of  ore  (see  number  12,  plate 
50,  figure  1).  Brecciated  ore  is  found  on  the  limestones,  on  the  clay, 
and  on  the  sand  deposits.  It  occurs  in  large  quantities  on  the  sand  de- 
posits in  the  Nittany  valley,  where  the  greater  part  of  the  inclosed  frag- 
ments consists  of  chert  from  the  overlying  limestones.  I  have  nowhere 
observed  any  limestone  fragments  in  any  of  the  brecciated  masses.  It 
is  possible  that  some  of  the  hollow  spaces  may  represent  former  lime- 
stone fragments  which  have  all  been  leached  out.  The  brecciated  oifes 
are  most  abundant  where  the  ore  masses  rest  on  the  sandstone  or  inter- 
calated clay  beds,  and  while  in  general  they  are  most  abundant  near  the 
bottom  of  the  deposit,  huge  blocks  of  them  are  scattered  at  various  levels 
through  the  clay-ore  mass. 

FLAKE  OR  SHEET  ORE 

Flake  «r  sheet  ore  occurs  in  the  joint  and  bedding  seams  of  the  lime- 
stone and  slates.  So  far  as  it  has  been  observed  in  situ  it  occurs  in  com- 
paratively thin  flaky  laminated  sheets,  often  less  tlian  an  inch  in  thick- 
ness (see  figures  2  and.  4).  As  the  surrounding  rock  is  leached  away, 
the  ore  sheets  and  flakes  are  carried  down  and  more  or  less  broken  up 
and  mingled  with  the  other  materials.  The  nature  of  the  ore  fragments 
observed  in  the  residual  clay  shows  this  type  of  ore  to  be  locally  the 
most  abundant  of  all  those  mentioned,  while  in  other  localities  it  is  al- 
most entirely  wanting. 

FRAOMENTAL  ORE 

Fragraental  ore  consists  of  irregular  angular  fragments  of  all  sizes 
commingled  with  the  residual  clay,  being  ]>robably  in  all  cases  broken 
remnants  of  the  preceding  forms.  It  is  not  always  possible,  however, 
to  refer  the  fragment  to  its  original  form,  as  there  is  often  no  essential 
difference  in  appearance  between  a  small  fragment  of  a  sheet  and  that 
of  a  pipe  or  a  shell.  In  several  localities,  most  noticeably  in  the  lime- 
stone districts,  there  are  rounded  water-worn  fragments  of  the  ore  asso- 
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elated  with  partly  rounded  chert  and  sandstone  pieces.  These  are  local 
in  occurrence  and  form  a  comparatively  smjtll  part  of  the  ore  deposits. 
They  may  be  caused  in  part  by  surface  and  in  part  by  subterranean 
streams.  A  n  especially  favorable  point  for  them  is  at  the  bottom  of  a  sink- 
hole, where  the  surface  waters  pouring  in  during  the^et  seasons  wear  the 
materials  at  the  bottom  like  the  pebbles  in  a  brook.  The  subsequent 
decay  of  the  limestone  buries  the  rounded  materials  in  the  residual  clay 
and  obscures  the  manner  of  their  formation.  These  sink-holes  are  quite 
abundant  at  the  present  time,  and  in  the  few  places  where  the  bottom  is 
accessible  the  rounded  fragments  of  ore  and  chert  are  quite  numerous. 

YELLOW  OCHER 

Yellow  ocher,  while  not  i)roperly  an  iron  ore,  is  probably  the  most 
common  form  of  the  iron  oxide  in  the  region  considered.  It  is  asso- 
ciated with  the  ores  in  all  the  deposits,  and  in  many  places  occurs  free 
from  lump  ore.  It  represents  the  diffused  iron  oxide  which  has  not-been 
segregated.  In  several  places  it  is  prepared  for  market  as  ocher,  but 
generally  no  attempt  has  been  made  to  save  it. 

Chemical  Composition 

The  following  analyses  of  carefully  selected  samples  show  the  chemi- 
cal nature  of  the  ores.  Commercial  analyses  of  carload  lots  give  a  much 
lower  per  cent  of  iron  and  a  corresponding  increase  of  silica  and  alumina, 
as  shown  in  analysis  number  8  of  the  table,  which  gives  the  average  of 
29  analyses,  each  of  which  represents  160  to  500  specimens  of  ore.  The 
commercial  analyses  include  considerable  mechanical  imj)uritie8  in  the 
form  of  clay  and  sand  that  were  eliminated  as  far  as  possible  in  the  other 
analyses.  Doctor  Geiith,  who  made  most  of  the  analyses,  says  the  ores 
are  mechanical  mixtures  of  limonite  with  hydrous  ferric  silicate  and  mi- 
nute traces  of  hydrous  ferric  phosphate.  It  is  impossible,  he  says,  to 
state  whether  the  hydrous  ferric  silicate  is  anthosiderite  or  degeroite,or, 
he  might  have  added,  one  or  more  of  several  other  hydrous  ferric  silicates, 
of  which  chloropal  is  a  common  fonn.  There  is  a  possibility  also  that 
some  of  it  may  occur  as  griinerite  or  some  other  iron,  or  iron-magnesian, 
amphibole,  or  pyroxene,  Bischof  *  says  that  hydrate  of  iron  will  de- 
compose silicate  of  alumina.  The  deposition  of  the  ores  in  contact 
with  the  clays  and  cherts  would  furnish  opportunity  for  such  chemical 
reaction.  That  the  waters  carrying  the  iron  have  a  chemical  action  on 
the  silica  is  shown  by  the  dissolution  of  the  chert,  shale,  and  sandstone 
fragments  inclosed  in  the  shells  and  the  breccias. 

*  Elements  of  Chemical  and  Physical  Geology,  vol.  2. 
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Analyses  of  selected  Specimens  of  Limonites 
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Numbers  1,  2,  4,  5,  and  6  analyzed  by  F.  A.  Genth. 

Number  3  by  A.  8.  McCreath. 

Number  7  by  John  I.  Thompson,  Lemon t,  Pennsylvania. 

Some  of  the  dissolved  silica  may  enter  into  chemical  combination  with 
the  iron ;  some  of  it  may  simply  be  carried  down  with  the  iron  in  minute 
particles.  The  deposition  of  the  iron  in  the  presence  of  minute  particles 
of  clay  might  inclose  some  of  the  particles  without  any  chemical  action , 
and  the  association  be  so  close  and  the  included  particles  so  minute  that 
they  could  not  be  separated  by  any  mechanical  means.  The  phosphorus 
may  occur  in  combination  with  the  iron  as  vivianite,  triplite,  or  some  of 
the  associated  forms,  or  perhaps  as  a  basic  ferric  phosphate,  or  it  may 
be  in  combination  with  the  alumina.  Evidence  favoring  the  latter  sup- 
position is  the  prevalence  of  wavellite,  which  occurs  in  large  quantities 
closely  associated  with  the  ores  in  several  localities  (see  page  483),  and 
the  occurrence  of  ceruleolactite  in  the  ore  mine  in  Chester  valley. 

The  phosphorus  will  probably  form  a  hydrous  phosphate,  whether  it 
combines  with  the  iron  or  the  alumina.  The  remaining  alumina  prob- 
ably is  in  combination  with  silica  and  water.  This  will  not  leave  suffi- 
cient water  to  form  limonite  with  all  the  iron,  in  the  molecular  ratio 
commonly  given,  namely,  2Fe.^0„  SHjO.     In  fact,  if  all  the  water  com- 


♦  Insoluble  residue.    The  analysis  of  the  insoluble  re.sidue  in  number  7  gave :  SiOj  = 
AlsOt  2.4.  CaO  .078,  MgO  .147. 
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bines  with  the  iron,  it  is  not  sufficient  to  form  the  theoretical  limonite. 
Hence  we  must  assume  either  that  the  water  and  iron  combine  in  a 
different  ratio  and  form  a  new  compound  or,  what  is  more  probable,  that 
there  is  a  mixture  of  the  limonite  and  one  of  the  oUjW  hydrous  oxides. 
I  have  computed  the  hypothetical  combinations  ^ipe  elements  given 
in  analysis  number  1  on  two  bases,  first  assuming  that  the  phosphorus 
combines  with  the  alumina  to  form  wavellite,  and,  secondly,  that  it  com- 
bines with  iron  to  form  vivianite,  and  the  silica  combines  with  iron  to 
form  griinerite.  If  one  of  the  hydrous  ferric  silicates  is  formed,  the  pro- 
portions would  be  changed  slightly,  as  shown  in  a  third  combination. 
After  forming  the  wavellite,  the  remaining  alumina  is  put  in  the  form  of 
kaolin,  and  the  remaining  water  and  iron  are  combined  so  as  to  form  all 
the  limonite  possible,  and  the  iron  in  excess  is  put  into  the  goethite, 
the  next  highest  oxide. 
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The  sma\l  percent  of  manganese  is  supposed  to  be  in  the  form  of  the 
oxide.  The  lime  and  magnesia  are  presumably  in  the  form  of  the 
carbonate. 
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If  the  silica  is  conihiiied  with  tlie  iron  in  the  form  of  anthosiderite,  it 
will  be  seen  that  tlie  remaining  iron  and  water  in  number  5  will  be  in 
the  proper  ratio  to  form  limonite,  and  hence  this  seems  a  probable  com- 
bination ;  but  in  numbers  1,  2,  and  6  the  iron  and  water  are  in  the  pro- 
portion of  3  :  4  and  4:5.  If  chloroi)al  is  formed,  the  iron-water  ratio  is 
3  to  4,  4  to  5,  and  5  to  6.  It  is  possil)le  that  iron  and  water  may  com- 
\)me  in  these  variable  ratios;  but  until  it  can  be  proven  in  some  way, it 
seems  better  to  consider  them  as  forming  mixtures  of  the  established 
compounds,  limonite  and  goethite  or  turgite. 

Chloropal  has  been  found  associated  with  the  iron  ores  in  at  least  one 
locality  in  Lehigh  county,  and  it  is  likewise  a  better  known  mineral  than 
anthosiderite,  and  in  this  respect  its  occurrence  is  more  probable. 

Associated  Minerals 

Besides  the  iron  oxides  already  mentioned,  namely,  limonite,  goethite, 
turgite,  hematite,  and  magnetite,  the  other  iron  minerals  present  in  the 
ore  deposits  are  ilmenite,  siderite,  and  iron  pyrite.*  Manganese  is  asso- 
ciated with  the  iron  ores  in  many  places,  and  in  several  different  localities 
the  manganeseoxides,  psilomelane,  and  pyrolusitehave  been  mined  and 
shipped.     The  analyses  show  the  presence  of  manganese  in  all  the  ores. 

Wavellite  occurs  associated  with  the  iron  ores  in  several  localities,  and 
in  one  place  near  Mount  Holly  Springs  it  is  found  in  commercial  quan- 
tities. At  Glen  Ix)ch  the  wavellite  occurs  in  crystal  forms  in  the  old 
iron  ore  pit.  Quartz  crystals  are  found  in  a  few  localities,  while  chert 
and  hornstone  are  quite  common.  Fluorite  has  been  observed  in  at 
least  three  localities,  and  the  quite  rare  mineral  ceruleolactite  occurs  at 
the  Glen  Loch  ore  mines,  in  the  Little  Chester  valley. 

Associated  Rocks 

In  the  valley  regions  the  prevailing  rock  is  limestone,  which  varies  in 
composition  from  nearly  pure  carbonate  to  a  form  with  a  high  percent- 

•  Second  Pennsylvanift  Geol.  Survey,  D,  p.  20, 
LXIX— BuiJ..  fiKOL.  Sue.  Am.,  Vol.  11,  1899 
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age  of  silica,  and  from  dolomite  to  a  variety  nearly  free  from  magnesia. 
In  Nittany  valley,  in  Center  county,  the  upper  portion  of  the  limestone 
is  highly  calcareous,  while  the  lower  portion  is  very  arenaceous,  in  fact 
gradino^  in  several  places  into  a  silicious  sandstone,  which  reaches  a 
thickness  of  300  or  400  feet.  '  ^if^ 

Whitk  Clay 

Intercalated  with  both  the  Ordovician  and  the  Cambrian  limestones 
and  associated  with  the  Cambrian  quartzites  underneath  the  limestonej; 
are  beds  of  hydromica  slates,  which  on  exposure  weather  into  clays. 
These  clays  are  frequently  parti-colored  from  the  iron  oxide  stains,  but 
in  many  localities  are  almost  entirely  free  from  iron  and  are  nearly  snow 
white.  These  white  and  parti-colored  clays  are  very  intimately  associ- 
ated with  the  iron  ores,  in  a  great  many  banks  the  ores  resting  on  or 
against  a  deposit  of  the  clay. 

Exposures  of  the  white  clay  are  most  numerous  in  the  South  Moun- 
tain area,  in  Cumberland  county,  where  it  occurs  in  nearly  everyone  of 
the  ore  pits  designated  on  figure  5.  Similar  deposits  occur  at  various 
horizons  in  the  limestone  valleys,  but  most  abundantly  near  the  base  of 
the  Cambrian  portion  of  the  limestones.  In  Lehigh  and  Berks  counties 
there  are  several  ore  pits  exposing  white  clay  in  the  limestones  near  the 
top  of  the  Trenton,  not  far  from  the  contact  with  the  overlying  shales. 
In  Nittany  valley  the  clays  occur  in  the  proximity  of  the  sandstone 
l)eds  in  what  probably  corresponds  to  the  Calciferous  division,  as  Calcif- 
erous  fossils  were  found  in  what  is  to  all  appearances  the  same  horizon. 

The  evidence  that  the  white  clays  are  the  weathered  products  of  the 
hydromica  slates  is  (1)  the  intimate  gradation  of  the  clay  into  the 
slightly  weathered  slates,  which  is  shown  clearly  in  clay  pits  at  Latiniore. 
York  county,  and  in  the  ore  pit  at  Hensingerville  (see  figure  4) ;  (2)  the 
occurrence  in  the  clay  of  several  ore  pits  of  fragments  of  the  undecom- 
posed  slate,  and  (3)  the  occurrence  in  many  of  the  clay  exposures  of 
numerous  fragments  of  white  quartzite,  similar  in  appearance  to  the  inter- 
laminated  thin  quartzite  lenses  which  are  nearly  alwa3's  present  in  the 
slate  exposures. 

In  the  Lower  Cambrian  horizon  below  the  limestones  are  beds  of  sand- 
stones, quartzites,  conglomerates,  and  talcose  slates.  There  are  many 
diabase  dikes  cutting  through  the  sedimentary  rocks  in  different  local- 
ities, but  they  bear  no  direct  relation  to  the  ore  deposits. 

Mode  of  Occurrence 

The  ores  occur  for  the  most  part  in  fragments  of  varying  sizes,  com- 
mingled with  the  residual  material  resting  upon  limestones,  slates,  or 
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sandstones.  The  residual  material  consists  of  clay,  sand,  and  chert,  with 
occasional  fragments  of  san^tone,  limestone,  and  shale.  The  relative 
proportion  of  the  ore  to  th0  residual  material  is  quite  variable,  in  most 
of  the  pits  a  good  average  being  one  part  of  ore  by  bulk  to  five  of  residue. 
Locally  the  yield  may  reach  75  per  cent  or  more.  In  very  few  localities 
can  the  ore  be  handled  with  profit  if  it  forms  less  than  15  per  cent  of  the 
entire  mass.  The  diffused  iron  oxide  is  almost  universally  distributed 
through  the  residuary  mass  over  all  the  limestone  areas,  portions  only 
of  the  white  clay  deposits  being  free  from  it.  Isolated  ore  fragments  are 
pretty  widely  met,  only  comparatively  small  areas  being  entirely  free 
from  them  ;  but  areas  in  which  the  ore  fragments  occur  in  commercial 
quantities  (that  is,  forming  15  per  cent  or  more  of  the  mass),  while 
numerous,  are  limited  in  extent  and  form  a  very  small  proportion  of  the 
entire  limestone  and  slate  belt.     A  few  of  the  largest  ore  banks,  such  as 


FioURE  2.— Section  at  Pinnstjlvania  Furnace  Orr.  Bank. 
Showing  occurrence  of  ore  in  the  be<l(iing  and  joint  seams  of  the  limeHtone. 

the  Scotia  bank  in  the  Nittany  valley,  extend  over  an  area  of  100  acres 
or  more ;  but  many  are  limited  to  less  than  half  an  acre,  and  some  are 
only  a  few  yards  in  extent. 

In  the  limestone  areas  the  ores  occur  generally  in  pockets  or  solution 
cavities  in  the  limestone,  which  are  quite  irregular  in  outline  and  quite 
variable  in  depth  (see  plate  50,  figure  2,  and  also  text  figure  2).  The 
atmospheric  waters  have  attacked  the  basset  edges  of  the  limestones, 
which  have  yielded  much  more  rapidly  in  some  places  than  in  others- 
The  clay,  chert,  sand,  and  iron  oxide— the  insoluble  materials — collect 
in  these  solution  cavities.  In  a  few  places  the  ore  may  be  seen  in  posi- 
tion in  the  seams  of  the  limestone,  one  of  the  best  illustrations  of  which 
is  in  the  Pennsylvania  Furnace  ore  bank,  in  the  Nittany  valley  (see 
figure  2),  where  it  occurs  in  both  the  bedding  and  the  joint  seams,  but 
most  abundantly  in  the  latter,  which  may  be  due  in  part  to  the  fact  that 
they  are  better  exposed  to  view  than  the  others.     The  ore  deposit  is  on 
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the  argillaceous  and  silicious  matter  in  the  seam,  and  not  in  direct  con- 
tact with  the  limestone,  which  is  a  sandy,  silicious  variety,  leaving  on 
the  weathered  surface,  in  places,  a  silicious  skeleton  or  framework  some- 
times coated  with  ore.  The  ore  is  laminated  parallel  with  the  walls  of 
the  seams.  As  the  limestone  decays,  the  thin  sheets  of  ore  break  down 
and  mingle  with  the  residual  clay,  furnishing  the  commercial  ores.  The 
ore  which  occurs  in  place  in  the  seams  in  the  limestone  and  the  frag- 
ments visible  in  the  residual  clay  are  all  thin  and  fragile  so  far  as  ob- 
served ;  but  the  bottoms  of  the  ore  pockets  are  concealed  by  debris,  and 
it  is  possible  that  the  sheets  become  thicker  at  greater  depths,  as  is 
frequently  reported  by  the  workmen. 

In  the  slate  areas  the  ore  with  the  other  residua  rests  upon  a  mass  of 
clay,  in  many  cases  white  clay,  stained  locally  by  iron  oxides.  As  the 
slates  from  which  the  clays  are  derived  are  interstratified  with  the  lime- 
stones, there  can  be  no  very  sharp  distinction  drawn  between  the  ore 

deposits  on  the  limestone 
and  those  on  the  clay.  In 
many  districts  the  greater 
part  of  the  ore  deposits  are 
found  on  the  white  clay. 
So  common  is  this  occur- 
rence that  it  may  be  stated 

FiqvreX— Ideal  Section  Illiiitrating  Possible  Motir  of  Accutn-  (^    a    general     TUlc    that    in 
ulating  Iron  Ore  undtrneath  the  Clny  by  Proce«ti  of  Scgrefjation  ,  fU        1      » 

and  Lmchifui.  arcas  wucre  tue  ciays  occuf 

they  are  associated  with  the 
ore  deposits,  but  where  the  clays  are  absent  the  ores  occur  in  the  ero(le<l 
cavities  in  the  limestone,  as  described  above.  One  general  distinction 
can  be  made  between  the  purely  limestone  deposits  and  the  limestone- 
clay  deposits.  The  latter  are  generally  richer  at  the  bottom  in  direct 
contact  with  the  white  clay,  while  the  former  may  be  as  rich  at  the  top 
as  at  the  bottom.  Solid  bodies  of  ore  are  spoken  of  by  the  miners  in 
many  places,  but  I  have  never  seen  any  such  more  than  a  few  hundred 
pounds  in  weight  that  were  not  mixed  with  foreign  materials.  Professor 
Prime,  who  examined  many  of  the  Lehigh  Valley  mines  when  they  were 
in  operation,  says:*  ^"At  times  a  thick,  solid  bank  of  ore  is  found  in  a 
mine.  This  is,  however,  rare,  and  continues  but  a  short  distance." 
Lesley  t  mentions  the  occurrence  of  such  bodies,  but  his  statement? 
appear  to  be  based  on  reports  by  mine  superintendents,  rather  than  on 
his  own  observations. 

Occasionally  ore  bodies  are  found  in  or  underneath  the  white  day. 


•Second  (ieol.  Survey  of  PennHylvaniu,  Heport  I)  L>,  p.  0<». 
t  Prof.  Am.  Phil.  Sot-.,  vol.  xiv. 
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This  may  be  caused  by  a  segregation  of  the  ores  in  underlying  lime- 
stones, and  the  subsequent  leaching  out  of  the  intervening  rock  permits 
the  upper  clay  to  rest  on  the  ore,  as  shown  in  figure  3.  Should  the 
second  accumulation  rest  on  clay  the  final  result  is  an  ore  body  inclosed 
in  the  clay.  In  some  instances  the  cause  of  the  ore  being  beneath  the 
clay  is  an  overturn  or  an  overthrust  of  the  strata.  Structural  relations 
support  this  view  at  several  localities  on  Mountain  creek,  in  Cumber- 
land county.    Sometimes  it  is  simply  irregularity  in  weathering. 

While  usually  the  ore  deposits  rest  on  the  white  clay,  occasionally 
they  occur  in  it,  and  in  one  place,  Hensingerville,  the  ore  is  found  im- 
pregnating the  hydromica  slates  from  which  the  clays  are  derived,  thus 
showing  how  the  ore  may  get  into  the  clay.  In  the  joint  and  lamina- 
tion seams  of  the  slates  the  ore  occurs  in  thin  flakes,  which  resemble 
those  mentioned  in  the  limestone  at  Pennsylvania  Furnace,  except  that 


Fkjurk  i.—Crotss-HCction  of  Ore  Bank  at  Hetisinfferville,  Pcnnsi/lvania. 
IIIUHtratinK  aecumulfttions  of  ore  in  the  hydromica  .slates. 

they  are  smaller  and  more  numerous,  just  as  the  seams  of  the  slate  are 
more  numerous  and  closer  together.  The  exposure  is  on  the  south  wall 
of  an  old  ore  pit  (see  figure  4),  and  theinterlamination  of  the  ore  extends 
at  least  to  the  depth  of  the  pit,  60  feet  below  the  surface,  and  presum- 
ably deeper,  as  the  pit  opening,  extending  more  than  100  feet  north,  was 
formed  by  the  removal  of  the  clay  for  the  ore  contained  therein,  and 
which  must  in  part,  at  least,  have  come  from  slates  underlying  those 
exposed.  When  the  workmen  making  the  excavation  came  in  contact 
with  the  but  partially  disintegrated  slates  on  the  south  face,  the  mining 
was  no  longer  profitable  and  operations  ceased.  A  shaft  50  feet  back 
from  the  quarry  face  shows  a  similar  occurrence  of  the  ore  flakes  in  the 
seams  of  the  slate  to  the  bottom  of  the  shaft,  15  feet  below  the  surface. 
In  this  mine  the  bombshell  or  nodular  ore  was  quite  abundant,  forming 
concentric  shells  in  the  slate  and  the  resultant  clay  (see  figure  1). 
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Some  of  the  ore  pit>  are 
shallow,  striking  the  linie- 
stone  in  situ  at  a  depth  of  b 
or  10  feet.  Many  of  them 
range  in  depth  from  5<)  to  1^» 
feet,  hut  the  ore  frequently 
extends  to  a  much  greater 
depth.  The  expense  of  ele- 
vating the  materials  ami  of 
keeping  out  the  water  gener- 
ally causes  a  cessation  of 
work  at  about  90  feet  below 
the  surface.  The  actual 
depth  of  the  ore  deposit  in  a 
few  places  is  surprisingly 
great.  At  the  Lehman  mine, 
in  Cumberland  county,  a 
hole  was  drilled  435  feet  Ik- 
low  the  bottom  of  the  ore  pit. 
The  report  of  the  boring  gave 
340  feet  of  ore  (presumaMy 
ore  and  clay),  40  feet  of  blue 
clay,  30  feet  of  white  clay, 
and  25  feet  of  *' mountain 
clay."  *  A  record  of  a  well- 
boring  at  Lambourne,  in  the 
Nittany  valley,  giveiJ  3(«)  feel 
of  ore  and  clay,  450  feet  of 
white  sand,  16  feet  of  lime- 
stone, a  total  depth  of  7t>0 
feet,  or  750  feet  to  the  solid 
limestone  rock,  «yet  linie- 
8tone  may  be  seen  outcrop- 
l)ing  on  all  sides  of  this^  well 
less  than  half  a  mile  distant. 
It  is  diflScult  to  account  for 
the  excessive  dee[)  disinte- 
gration of  the  rocks  at  thi.^ 
point. 

Prime  and  Lesley  ernplui- 
size  the  statement  that  the 
ore  occurs  in  regular  belts 


♦So<;onri  (ieol.  Survey  of  PeiinHylvanin,  An.  Rept.,  1886,  pt.  i?,  p.  14ft2. 
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along  definite  horizons.  Rogers*  says  the  occurrence  of  the  ores  is 
empirical,  and  bears  no  very  close  relation  to  the  underlying  rocks, 
except  in  the  Kishacoquillas  valley,  where  he  finds  that  the  ores  occur 
over  the  anticlinal  axes  in  the  fissures  produced  by  the  flexure  of  the 
limestones.  The  parallelism  is  shown  to  the  best  advantage  where  the  . 
slate  belts  are  most  pronounced,  as  the  slate  or  its  residual  clay  de- 
termines the  location  of  the  ore  bodies.  The  accompanying  map  of  the 
South  Mountain  area  in  Cumberland  county  illustrates  this  feature  to 
better  advantage  than  any  other  area ;  yet,  while  it  may  be  noticed  that 
most  of  the  pits  occur  along  well  defined  belts,  quite  a  number  can  not 
be  so  arranged  (see  figure  5).  These  pits  lie  in  the  slate  area,  where 
there  is  some  intercalary  limestone,  but  the  main  limestone  belt  of  the 
valley  lies  north  of  the  area  shown  on  the  map.  In  the  limestone  valley 
areas  the  parallelism  is  so  subordinate  that  it  has  little  significance,  as 
shown  on  the  accompanying  map  of  a  portion  of  the  Lehigh  County  ore 
region  (see  figure  6). 

In  the  Cumberland  County  region  the  prospectors  recognize  the  align- 
ment of  the  ore  deposits  and  take  advantage  of  it  in  seeking  new  bodies 
of  ore,  but  this  can  not  be  followed  very  successfully  in  the  more  purely 
limestone  areas. 

In  portions  of  Nittany  valley  a  heavy  bed  of  sandstone  in  the  axis 
of  the  anticline  restricts  the  ores  to  a  comparatively  narrow  belt  on  either 
side  of  the  sand  ridge,  and  concentrates  them  to  a  considerable  extent 
along  the  contact  of  the  sandstone  and  limestone,  but  elsewhere  in  the 
valley  ore  pits  have  been  opened  at  many  different  horizons,  ranging 
from  the  oldest  limestones  exposed  to  the  overlying  Utica  shales. 

The  conclusion  of  the  writer  is  that  the  ore  deposits  may  occur  at  any 
horizon  in  the  limestones,  but  since  a  great  many  of  the  larger  deposits 
occur  on  beds  of  sand  or  clay,  residual  from  sandstones  and  slates,  and 
since  these  intercalated  beds  are  generally  of  considerable  extent,  there 
is  in  such  places  a  consequent  alignment  of  the  deposits,  corresponding 
to  the  strike  of  the  rocks  and  sufficiently  pronounced  in  a  region  of  slate 
beds  to  be  useful  in  following  up  the  ore  bodies,  but  in  the  limestones 
free  from  intercalated  slates  or  sandstones  there  is  very  little  regularity 
about  the  occurrence  of  the  ore. 

Original  Source  of  the  Iron 

The  discussion  of  the  origin  of  the  limonite  ores  may  be  conveniently 
divided  into  two  heads — the  original  source  of  the  iron  and  the  mode  of 
its  concentration. 


♦Geology  of  Pennsylvania,  1858,  vol.  1,  p.  479. 
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The  possible  sources  of  the  iron  in  the  Cambro-Ordovician  iimonite 
ores  are  (1)  the  Ijower  Cambrian  slates,  where  it  occurs  both  as  pyrite 
and  silicate ;  (2)  the  Cambro-Ordovician  limestones  and  included  slates, 
where  it  exists  as  diffused  carbonate,  sulphide,  and  silicate ;  (3)  theover- 


rr'mm  QvrtMiH. 


Fiiii'iiii  G.— 3/rt;)  t>/  Portion  of  Orcat  Valla/  Rufjion,  tcestcrn  Part  of  Lehigh  County^  Pennt^lranM. 

Showing  distribution  of  the  Iimonite  ore  pits.     Reduced  from  miip  in  Report  X)  I),  Second  G»*"l<'e- 

ical  Survey  of  Pennsylvaniji. 

lying  Ordovician  and  Silurian  shales  and  sandstones,  where  it  occurs  as 
carbonate,  sulphide,  and  hydrous  oxide. 

It  is  well  known  that  all  strata  contain  more  or  less  iron,  and  those  in 
and  bordering  the  limestone  valleys  of  Pennsylvania  are  no  exception?. 
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Each  of  them  has  furnished  a  portion  of  the  iron  for  the  ore  deposits, 
but  not  necessarily  all  in  the  same  ratio  or  even  in  proportion  to  the 
amount  of  iron  which  they  contain.  The  manner  in  which  erosion 
removes  material  has  much  to  do  with  what  becomes  of  the  different 
constituents.  The  erosion  of  sandstones,  clays,  and  slates  is  largely 
mechanical,  and  the  included  minerals  would  in  large  measure  be  carried 
away  as  sediment  along  with  the  rock  fnaterial.  Limestone,  however,  is 
largely  removed  in  solution,  and  the  insoluble  constituents  accumulate 
in  the  residue.  This  is  one  of  the  reasons  why  the  writer  thinks  that 
much  of  the  iron  ore  of  the  limestone  valleys  has  been  derived  from 
the  Cambro-Ordovician  limestones  on  which  they  occur. 

The  reasons  for  attributing  the  source  of  some  of  the  iron  to  the  over- 
lying sandstones  and  slates  are  (1)  that  these  rocks  contain  iron  and 
overlie  the  rocks  on  which  the  ores  occur;  (2)  in  some  places  meteoric 
waters  pass  through  or  over  these  rocks  into  the  limestones,  and  as  the 
waters  contain  organic  acids,  they  would  naturally  dissolve  some  of  the 
iron  ;  (3)  in  some  places  seepage  from  the  shales  at  the^top  of  the  lime- 
stone has  been  observed  to  be  impregnated  with  iron.  The  reasons  for 
thinking  that  this  source  of  supply  is  not  large,  in  comparison  with  that 
from  the  limestones  are  (1)  that  the  shales  and  slates  are  not  readily 
permeable  and  serve  to  turn  the  water  from  the  limestone  where  topo- 
graphic conditions  make  it  possible;  (2)  that  in  general  the  most  exten- 
sive ore  deposits  are  near  the  base  of  the  limestones ;  (3)  and  that  the 
erosion  of  the  shales  is  largely  mechanical  and  rapid  and  most  of  the 
iron  contained  in  them  would  be  carried  away  as  sediment. 

That  the  iron  in  the  ore  deposits  on  the  lower  horizons  has  been  derived 
in  part  from  the  Lower  Cambrian  slates  seems  probable,  in  view  of  the 
fact  that  the  slates  in  some  places  are  impregnated  with  iron  pyrites,  the 
weathered  surface  often  showing  many  minute  cubical  cavities  from 
which  the  pyrite  has  been  leached  out.  The  slates  intercalated  in  the 
limestones  are  likewise  a  probable  source  of  iron,  as  analyses  of  sam])les 
from  three  different  localities  show  the  following  percentages  of  ferric 
oxide :  0.91, 5.06,  and  2.40.  There  is  a  possibility,  however,  that  part  of 
the  iron  in  the  slates  analyzed  may  have  been  carried  in  from  the  over- 
lying limestone.  That  all  of  the  iron  is  not  derived  from  the  hydromica 
slates  is  evident  from  the  fact  that  extensive  deposits  of  ore  occur  in  the 
Ordovician  limestones  in  localities  where  the  slates  do  not  occur,  except 
in  horizons  below  the  ore  deposits.  The  slates,  as  noted  elsewhere,  occur 
in  the  Ordovician  limestones  in  Lehigh  county,  but  they  are  not  present 
in  Nittany  valley,  except  near  the  base  of  the  series,  in  the  oldest  rocks 
exposed  in  the  valley.     Furthermore,  wherd  the  slates  do  occur,  the  ores 
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are  in  nearly  all  cases  on  top  of  them  and  not  underneath.  Unless  we 
suppose  the  iron  to  be  carried  upward  by  ascending  waters,  which  is 
hardly  probable,  there  appears  to  be  no  reasonable  way  in  which  tlie 
ores  in  the  upper  horizons  could  be  derived  from  slates  in  the  lower  ones. 

The  reasons  for  thinking  that  the  Cambro-Ordovician  limestone  series 
is  the  principal  source  of  the  iron  in  the  ore  deposits  are :  (1)  the  great 
number  of  the  deposits  in  the  limestone  area  and  their  wide  distribution 
over  all  the  different  limestone  horizons,  from  the  top  to  the  bottom  of 
the  series ;  (2)  the  intimate  commingling  of  the  ores  with  the  residual 
clay  and  chert  fragments  from  the  dissolution  of  the  limestones ;  (3)  the 
almost  universal  occurrence  of  the  deposits  on  and  not  under  the  inter- 
calary beds  of  clay ;  (4)  the  manner  of  erosion  of  the  limestone,  which  is 
wholly  by  solution,  thus  offering  the  most  favorable  condition  for  the 
preservation  and  the  accumulation  of  the  ores ;  (5)  the  limestones  con- 
tain iron — in  small  quantities,  it  is  true,  but  I  think  sufficiently  large. 
The  accompanying  analyses  of  limestones  from  different  localities  show 
an  average  content  of  one  and  a  quarter  per  cent  of  iron  carbonate  and 
sulphide.  A  thickness  of  6,000  feet  of  limestone,  which  is  present  in  the 
Nittany  valley,  would  represent  40  feet  of  iron  ore,  which  is  probably  in 
excess  of  any  deposit  in  the  valley.  However,  this  is  subject  to  a  num- 
ber of  qualifications  which  seriously  modify  any  computations  in  this 
line. 

On  the  one  hand  it  can  not  be  assumed  (a)  that  all  the  iron  in  the  lime- 
stone is  changed  to  ore  proper,  as  often  a  considerable  portion  of  it  re 
mains  in  the  residual  clay  in  the  form  of  yellow  ocher,  or  (6)  that  all  the 
ore  remains  in  the  residual  material,  as  part  of  it,  although  a  compara- 
tively small  part,  is  carried  away  as  sediment  in  the  streams ;  I  say  a 
small  part,  because  the  streams  in  the  limestone  area  are  few  in  number, 
small  in  size,  and  carry  very  little  sediment ;  (c)  many  of  the  ore  deposits 
are  not  at  the  bottom,  but  some  of  them  are  near  the  top  of  thelimestone. 

On  the  other  hand,  it  is  to  be  noted  (a)  that  the  limestones  are  in  nearly 
all  cases  highly  inclined,  sometimes  almost  vertical,  and  the  thickness  of 
limestone  eroded  over  any  given  ore  deposit  may  be  much  greater  than 
that  represented  by  a  section  normal  to  the  bedding  at  that  point.  Thi? 
is  il\UvStrated  in  figure  7,  where  A  0  would  represent  the  actual  thickness 
of  limestone  over  the  position  of  the  ore  deposit  O  in  normal  position,  but 
0  B  represents  the  actual  thickness  eroded  in  the  inclined  position.  The 
fact  that  part  of  the  limestone  was  probably  eroded  during  the  process  of 
folding  would  not  materially  alter  the  result,  as  the  residual  materials 
would  not  be  greatly  shifted  thereby.  (6)  There  would  be  a  lateral  as 
well  as  a  vertical  segregation  of  the  iron.     It  has  been  stated  that  the  ore 
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occurs  in  pockets  in  eroded  depressions  in  the  limestone.  These  are  in 
many  instances  at  the  bottom  of  former  sink-holes  at  the  surface,  and,  as 
shown  by  the  present  conditions,  these  sink-holes  may  collect  the  drainage 
from  areas  many  acres  in  extent.  Both  the  surface  and  the  subterranean 
drainage  would  naturally  transport  the  iron  both  while  in  solution  and 
later  in  the  lump  form  toward  the  sink  or  cavity.  Further  evidence  in 
support  of  this  view  is  the  customary  mode  of  occurrence  of  the  ore  in 
the  erosion  cavities  which  are  separated  by  more  or  less  barren  areas. 

While  the  percentage  of  iron  in  the  limestone  is  small,  it  forms  a  com- 
paratively high  ratio  of  the  insoluble  residue,  averaging  24  per  cent  for 
the  whole  16  analyses.  Considering  the  proportional  loss  of  iron  to  be 
no  greater  than  that  of  the  other  materials,  this  would  apparently  furnish 
a  sufficient  supply  of  iron  for 
all  the  ore  deposits.  ?-. 

Analyses  of  the  limestones  .    ,.  ■,    -.^ 

(see  page  494)  indicate  that  .'  .•' . - .' -^  *•. 

the  iron  occurs  both  as  the  . '  /  .'  ^    .  \  \ 

carbonate  and  as  the  sul- 
phide, with  the  carbonate  in 
excess  in  all  cases.  The  an- 
alyses, while  not  many  in 
number,  are  from  several 
quite  widely  separated  local- 
ities and  presumably  repre- 
sent fairly  well  the  relative 
amounts  of  the  two  com- 
pounds, although  there  may 
be  local  enrichments  of  iron 
not  shown  by  the  analyses. 
As  mentioned  under  associated  minerals,  both  the  carbonate  and  the 
pyrite  occur  in  limited  quantities  in  4  few  places,  associated  with  the 
limonites,  but  they  are  evidently  secondary  forms,  and  cannot  be  con- 
sidered as  indicating  in  any  way  the  original  form  of  the  iron  in  the 
limestone.  No  pyrite  crystals  have  been  observed  in  any  of  the  many 
limestone  exposures  examined  by  the  writer.  The  intercalated  hydro- 
mica  slates  in  many  places  contain  considerable  iron,  apparently  in  the 
form  of  silicate,  which  Bischof  states  is  soluble  in  carbonate  waters,  and 
part  of  which  is  presumably  added  to  the  supply  from  the  limestone. 

The  conclusion  is  that  some  of  the  iron  in  the  limonite  ore  deposits  is 
derived  from  the  overlying  Ordovician  shales  and  some  from  the  under- 
lying Cambrian  slates,  but  the  chief  source  is  the  diffused  iron  carbonate, 


,^\ 


\ 


FiuuBK  l.^Ct'oss-section  of  Anticline  in  Nittany  Valley^ 
Pennsylvania. 


494 


T.  a  HOPKINS — CAMBRO-SILURIAN    LIMONITE   ORES 


5 


1-^ 

§ 

,^ 

1^ 

GO 

CO 

CC 

CO 

a 

A 

CO 

'-' 

CO 

CO 

C>4 

CO 

o 

%>>^ 

"^ 

S 

CO 

CI 

(M 

CI 

»o 

CO 

"^ 

OO 

1— • 

cl 

c  o 

lO 

•«f 

:    1 

p^   o 

^ 

~s~ 

'"¥ 

s 

"5~ 

1— t 

* 

CO 

' 

o> 

lo 

•o 

CO 

~i~ 

§ 

R 

g 

c    . 

w 

-^ 

o 

-♦• 

:=  J^ 

"" 

^ 

c4 

CI 

'^ 

tB 

_ 

._  • 

o 

_L 

'•_. . 

|i 

iO 

r- 

Q 

c^ 

CO 

CC 

CO 

e4 

§ 

c 

o 

c3 

IT 

CO 

o 

•«j! 

s 

CO 

' 

s 

"^ 

o 

00 

CI 

o 

3 

^^ 

•«f 

c 

CO 

o 

CO 

>o 

>» 

fH 

"^ 

&« 

s 

8 

2 

IS 

1 

t- 

^ 

~o 

a 

§ 

J? 

CO 

o 

o 

1^ 

C4 

CD 

q 

o  • 

rH 

IC 

CD 

CD* 

and 

CO 

CI 

!>. 

C£ 

o 

o 

iC 

o 

o 

CO 

GC 

I^ 

CI 

a 

C5 

lO 

lO 

l-H 

CI 

1-^ 

q 

^ 

CO 

_s_ 

CI 

5 

00 

C 

i 

1< 

s 

CO 

8^ 

1-^ 

^ 

i 

s 

12 

s 

s 

r>I 

s 

or 

•v 

q 

■^ 

-© 

CO 

»d 

lO 

CI 

g 

§^ 

g 

IS 

§ 

lo~ 

~g~ 

o 

»— " 

c^ 

« 

'n 

00 

q 

t-H 

I>- 

s 

lO 

. 

j/5 

"i" 

cc 

i 

i 

i 

^ 

§ 

i~ 

nty 

^ 

o 

2? 

CO 

g 

GO 

1 

o 

9" 

s" 

s 

i~ 

c: 

w 

^ 

CO 

»     fO 

oO 

l^ 

CI 

O 

-£ 

^ 

• 

O 

»o 

* 

6C 

fH 

r- 

Leb 

CO 

-5 

8 

00 

i 

1 

•^ 

2 

q 

o 

^ 

o 

o 

00 

CO 

o 

QC 

»o 

>c» 

-r 

»o 

c^ 

^. 

cc 

I-* 

o 

CI 

c^ 

q 

is 

"c 

g 

R 

CD 

s 

2 

i 

"^ 

o 

^ 

q 

CO 

o 
-1- 

CI 

• 

11 


^1 

ao   9 

GO     0) 

®  5  "S 

£     CB    C 

««  c  c 

o    c  ** 

■|<2l 

"o  -o  T* 
O  c  '^ 

COX'S 


^  *  2 

2  «  £ 
S  o  -^ 
85*  = 

GAS 


11  * 

C5  <*«  ^ 

CD  4>  « 

^  SO  '^ 

*  ©  — 

£  C  =! 

$  £  ^ 

■g  3  "S 

:^  <  < 


J3   ^ 


o 
o 

6 


s 
o 

OS  "^ 


tD 

o 


MODE   OF    ACCUMULATION  495 

sulphide,  and  silicate,  mostly  the  first,  in  the  Ordovician  and  Cambrian 
limestones  and  the  intercalated  slates. 

Mode  of  Accumulation  of  the  Ikon 

The  form  of  the  ore  fragments  and  the  mode  of  their  occurrence,  as  ex- 
plained above,  necessitate  the  conclusion  that  the  ores  are  secondary  or 
derived  products.  It  yet  remains  to  show  the  manner  in  which  the  iron 
oxide  was  collected  from  its  dififused  condition  in  the  original  rock  into 
the  deposits  of  commercial  ore  in  which  it  now  occurs.  To  bring  this 
about,  (1)  solution,  (2)  transportation,  and  (3)  precipitation  are  neces- 
sary. The  atmospheric  waters  are  the  agents  which  have  produced  the 
change. 

Oxygenated  waters-acting  on  the  pyrite  would  take  it  into  solution  by 
oxidizing  the  sulphur  into  sulphuric  acid,  part  of  which  combines  with 
the  iron  as  ferrous  sulphate  and  part  remains  free  or  combines  with  any 
other  base  that  may  be  present.  The  reaction  is  FeS,  +  70+  H^O  = 
FeS04  +  HjSO^.  The  H^SO^  would  readily  combine  with  any  lime  or 
magnesia  carbonate  present,  forming  the  corresponding  sulphates.  The 
FeSO^  will  rapidly  oxidize  to  basic  ferric  sulphates  and  finally  to 
hydroxide. 

The  iron  carbonate  is  soluble  in  all  acidulated  waters — in  sulphuric 
acid  as  the  sulphate,  in  carbonic  acid  as  the  bicarbonate,  in  organic  acids 
as  the  corresponding  organic  salt.  As  one  or  more  of  these  acids  is  nearly 
always  present  in  meteoric  waters  near  the  surface,  the  solution  of  any 
iron  carbonate  necessarily  follows  a  contact  with  them.  In  the  presence 
of  oxygen  and  moisture  both  the  sulphide  and  carbonate  change  readily 
to  ferric  oxide,  which  change  may  take  place  in  the  original  position  of 
the  iron,  and  later  it  may  be  again  taken  into  solution  and  be  added 
to  the  iron  supply  for  the  ore  deposits. 

The  ferric  oxide  is  much  less  soluble  than  the  ferrous  oxide,  and  is 
the  most  stable  form  of  iron  in  nature.  It  is  not  appreciably  soluble  in 
carbonic  acid  or  ordinarily  as  ferric  oxide  in  the  organic  acids,  although 
Bischof*  and  Julien  t  state  that  ferric  oxide  is  soluble  in  apocrenic  acid 
in  the  presence  of  ammonia.  The  organic  acids,  however,  are  active 
reducing  agents,  and  change  the  ferric  oxide  to  ferrous,  in  which  form  it 
is  soluble,  as  above  stated,  in  any  of  the  acids.  Illustrations  of  this 
action  may  be  seen  at  almost  any  point  where  roots  penetrate  yellow 
clay.  A  zone  of  white  or  light  colored  clay  from  which  the  iron  has 
been  leached  may  be  seen  surrounding  the  decayed  or  decaying  roots. 

♦  Elemental  of  Chem.  unrl  Pliy.s.  Geology. 

t  Prm;.  Amer.  As.xof.  Adv.  Sci.,  lH7i»,  vol.  28,  p.  401. 
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Where  there  is  sufficient  vegetable  growth,  all  of  the  iron  may  be  ex- 
tracted, as  in  some  of  the  underclays  of  the  Coal  Measures. 

The  organic  acids  are  an  important  factor  in  the  transference  of  the 
iron,  as  well  as  in  its  solution.  In  fact,  so  important  and  direct  is  tlieir 
action  that  many  geologists  raise  the  question  whether  every  great 
accumulation  of  iron  ore  does  not  necessarily  imply  the  presence  of 
organic  matter.  The  ferrous  salts  are  unstable  in  the  presence  of  oxygen, 
and  hence  would  not  remain  long  in  solution  in  meteoric  waters  unless 
some  reducing  agent  were  present.  The  organic  acids  have  such  a  strong 
affinity  for  oxygen  that  as  long  as  they  are  present  they  prevent  the 
oxidation  of  the  iron  to  the  insoluble  oxide,  or,  what  amounts  to  the 
same  thing,  speedily  reduce  it  to  the  soluble  form  again. 

The  meteoric  waters,  charged  with  organic  and  other  acids,  reduce, 
dissolve,  and  carry  away  the  iron  in  solution.  The  next  step  is  its  pre- 
cipitation, which  is  in  most  cases  from  the  bicarbonate  solution,  since 
carbonic  acid  is  the  final  stage  of  all  the  organic  acids.  The  precipita- 
tion may  be  caused  by  (1)  relief  of  pressure,  (2)  oxidation,  (3)  desiccation 
or  concentration,  and  (4)  neutralization  or  chemical  reaction  by  another 
salt  in  solution,  or  by  replacement  of  another  base  in  the  solid,  or  it  may 
be  a  combination  of  two  or  more  of  these  causes.  The  iron  may  be  pre- 
cipitated as  the  hydroxide,  as  the  carbdnate,  or  as  one  of  the  organic 
salts,  but,  in  whatever  form,  it  is  only  a  question  of  time  until  it  is  brought 
to  the  stable  form  of  the  hydroxide.  The  precipitation  from  the  sulphate 
solution  may  be  by  oxidation  alone  or,  what  is  more  probable,  oxidation 
and  neutralization  combined. 

The  precipitation  may  take  place  quite  remote  from  the  original  posi- 
tion or  it  may  be  quite  near  or  even  at  that  point,  as  is  the  case  in  the 
pseudoniorphs  of  limonite  after  siderite  and  pyrite.  In  the  limestone 
regions  it  is  thought  that  the  iron  is  not  carried  far  in  solution,  because, 
as  the  waters  become  saturated  with  lime,  which  is  more  soluble  than 
the  iron,  the  latter  would  be  precipitated.  A  large  part  of  the  iron  is 
probably  deposited  in  the  upper  or  cavernous  portion  of  the  limestone. 

Part  of  the  iron  is  deposited  in  cavities  and  caverns  in  the  limestone, 
as  already  indicated  in  the  description  of  the  ore  forms.  The  concentric 
layers  of  fibrous  ore,  lining  some  of  the  nodular  masses,  clearly  indicate 
deposition  in  a  cavity,  as  do  the  iron  oxide  stalactites.  The  loose  masses 
of  pipe  ore  indicate  pretty  conclusively  that  they  were  formed  in  cavern?, 
The  nodules  that  were  formed  by  the  iron  oxide,  coating  rock  fragments, 
were  formed  probably  in  caverns  or  in  the  residual  material.  The  brec- 
ciated  ores  were  formed  by  the  deposition  of  the  iron  in  a  mass  of  loose 
rock  material ;  it  may  have  been  in  caverns,  on  the  surface,  or  in  the 
residual  material.     The  sheet  ore  is,  without  doubt,  formed  in  seams  in 
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the  limestone  and  in  the  slate,  as  already  shown  (see  figures  2  and  4). 
It  is  broken  up  and  mixed  with  the  other  residua  by  the  leaching  away 
of  the  surrounding  and  underlying  limestone  and  by  the  whole  mass 
sinking  down  to  a  lower  level.  An  important  horizon  for  the  deposition 
as  well  as  the  accumulation  of  the  ores  is  at  the  contact  of  the  limestone 
with  an  underlying  insoluble  layer,  such  as  slate  or  sandstone. 

Some  of  the  ores  are  oxidized  concretionary  masses  which  have  formed 
in  the  rock  before  it  was  disintegrated  (see  figure  1).  I  did  not  see  any 
nodular  ore  masses  in  position  in  the  limestones  of  the  area  under  dis- 
cussion ;  but  the  nodular  ore  fragments  are  frequent  in  the  residual 
material,  and  they  evidently  were  formed  either  in  the  limestones  or  in 
the  intercalary  clay  layers. 

The  accumulation  of  the  clay-ore  masses  is  aided  in  part  by  the  in- 
equalities in  the  dissolution  of  the  limestone,  and  in  part  by  the  occur- 
rence of  insoluble  beds  of  clay  or  sand  intercalated  in  the  limestones. 
Thus  there  is  a  tendency,  in  the  first  place,  as  previously  stated,  for  the 
ores  to  collect  in  caverns,  and  as  their  roofs  brekk  through  or  are  dis- 
solved by  the  waters,  there  is  a  further  tendency  for  the  loose  materials 
immediately  surrounding  the  cavity  to  work  into  it  by  gravitation,  and 
the  ores,  being  heavier  than  the  clay,  tend  to  work  deeper,  toward  the 
bottom  of  the  opening. 

The  interstratified  clay  and' sand  beds  aid  in  the  concentration  of  the 
ores  by  forming  an  insoluble  layer  on  which  the  ores  may  collect  from 
the  overlying  limestone.  Thus  a  bed  of  clay^  as  shown  in  figure  3,  may 
serve  as  a  final  repository  for  all  the  ores  of  the  overlying  limestone  bed, 
whether  it  be  200  or  2,000  feet  thick.  There  will  also  be  a  lateral  move- 
ment down  the  inclined  bed  of  clay,  slate,  or  sandstone.  Thus,  in  figure 
3,  for  example,  all  the  ore  from  the  triangular  space  A  C  B  may  be  col- 
lected in  a  comparatively  small  area  at  C.  Should  there  be  a  cross- 
folding  in  the  other  direction,  at  right  angles  to  the  main  fold,  so  as  to 
form  a  synclinal  trough  down  the  slope  B  C\  the  concentration  will  be 
all  the  greater.  We  have  here  an  explanation  of  the  rich  ore  deposits 
on  the  clay  beds  in  the  Great  Valley  area  and  on  the  sand  deposits  in 
Nittany  valley.  It  is  possible  for  the  concentration  to  be  going  on  at 
two  or  more  levels  at  the  same  time.  Thus  in  the  figure  cited  the  con- 
centration may  have  begun  at  C,  while  it  is  still  going  on  at  A  ;  but 
eventually  the  upper  deposit  will  be  brought  to  the  lower  one  by  the 
leaching  out  of  the  intervening  limestone.  If  the  clay  seam  at  A  is  com- 
paratively thin,  it  may  lose  its  identity  in  the  mixture  of  other  materials 
before  reaching  the  lower  level. 

If  this  explanation  be  the  true  one,  the  newest  ore,  as  a  rule,  will  be 
at  the  bottom,  and  the  ore  deposits  will  increase  in  size  by  additions 
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below.  There  is  probably  no  appreciable  addition  of  ore  at  the  top  of 
the  mass  or  any  marked  enrichment  except  on  the  steep  slopes,  where 
there  is  little  or  no  vegetation,  and  the  rivulets  wash  away  part  of  the 
imbedding  clay  into  the  surface  streams. 

There  is  probably  to  some  extent  a  segregation  of  the  iron  oxide  into 
lump  ore  in  the  residual  material,  but  I  suspect  that  any  such  segrega- 
tion is  largely  confined  to  the  margin  and  bottom  of  the  mass,  as  the 
body  of  the  clay-ore  mass  is  not  readily  permeable  to  water. 

The  conclusion  is  that  the  diffused  iron  of  the  limestones  and  slates 
is  segregated  into  nodular  masses,  pipes,  and  sheets  of  ore  in  large 
measure  in  the  limestone  or  in  the  seams  and  cavities  in  the  same  and 
in  or  on  the  top  of  the  slates  previous  to  the  final  dissolution  of  these 
rocks.  The  leaching  away  of  the  limestone  leaves  the  ores  scattered 
through  the  residual  material.  The  segregating  of  the  oxide  may  be 
continued  in  the  residual  clays,  especially  around  the  margins,  but  les? 
actively  than  in  the  original  beds. 

Summary 

Extensive  deposits  of  limonite  ores  occur  in  the  residual  clays  on  the 
Ordovician  and  Cambrian  limestones  and  slates  in  the  Great  valley,  Nit- 
tany,  Kishacoquillas,  and  Chester  valle3's,  in  central  and  eastern  Penn- 
sylvania. The  ores  are  hydrous  ferric  oxides,  consisting  largely  of 
limonite,  associated  with  which  are  local  occurrences  of  lurgite  and 
goethite  and  very  limited  quantities  of  hematite,  magnetite,  pyrite,  and 
siderite.  The  ores  are  associated  with  manganese  ores,  wavellite,  quartz, 
chert,  and  fluorite.  They  occur  as  pipes,  shells,  nodular  and  brecciated 
masses,  and  irregular  fragments  mingled  with  more  or  less  residual  clay 
and  sand  lying  in  irregular  pocket  like  deposits  of  varying  sizes  in  cav- 
ities on  the  limestones  or  on  beds  of  white  clay  or  sandstone. 

The  original  source  of  the  iron  is  primarily  the  Cambro-Ordovician 
limestones  and  slates,  with  smaller  quantities  from  the  overlying  Ordo- 
vician and  possibly  Silurian  strata  and  the  underlying  slates  and  quartz- 
ites.  The  iron  occurs  in  these  strata  as  carbonate,  sulphide,  and  silicate 
the  first  being  probably  the  most  common. 

The  segregation  of  the  diffused  iron  into  the  ore  lumps  is  brought 
about  by  the  meteoric  waters.  The  higher  oxide  is  reduced  by  the 
organic  acids.  The  ferrous  oxide  is  taken  into  solution  by  the  organic 
and  carbonic  acids,  possibly  sulphuric  acid  in  some  measure.  The  iron 
is  precipitated  from  the  solution  in  part  as  the  hydroxide,  in  part  a^  the 
carbonate,  which  is  later  oxidized.  Some  of  the  ores  have  been  concre- 
tionary segregations,  probably  as  the  carbonate,  in  the  original  rock,  and 
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subsequently  oxidized  in  the  residual  material.  Some  are  formed  in 
seams  and  cavities  on  and  in  the  beds  of  slate,  limestone,  and  sandstone. 
The  deposits  increase  in  size  largely  by  the  segregation  of  the  oxide  into 
the  scattered  nodular  and  flake-like  masses  in  the  underlying  limestones? 
which  are  subsequently  leached  out,  leaving  the  ores  in  residual  mate- 
rial similar  to  that  in  the  overlying  clay-ore  mass  which  settles  down 
upon  it.  The  ore  nodules  and  flakes  may  form  at  any  point  in  the 
Hmestone,  but  the  most  favorable  horizon  for  their  concentration  is  at  or 
near  the  contact  of  the  limestone  with  an  underlying  bed  of  slate  or 
sandstone,  which  forms  a  collecting  place  for  the  ores.  The  intercalated 
slates  weather  to  a  white  clay,  which  thus  forms  the  repository  for  many 
of  the  ore  masses. 

LiTEUATURK   ON    THE    LiMONITE    OrES 

The  following  bibliography  gives  a  brief  summary  of  what  has  be(?n 
published  about  the  origin  of  the  limonite  ores  in  question.  In  general , 
reference  is  made  only  to  the  literature  bearing  directly  on  the  orijrin  of 
the  limestone  valley  limonites,  but  a  few  specific  references  on  other 
points  are  mentioned  :* 

Bbnton,  E.  R.  :  Tenth  Census,  volume  xv,  1880. 

The  ores  are  pseudomorphs  afVer  broken  limestone  by  filling  the  cracks  and 
thickening  the  films,  changing  from  solid  limestone  above  to  irregular  shell  oi*e 
at  the  bottom. 

BisrnoF,  Gustav  :  Elements  of  Chemical  and  Physical  Geology,  volume  2. 

Hydrated  oxide  of  iron  decomposes  silicate  of  alumina.  From  a  solntion 
of  bicarl)onate  of  iron  and  bicarbonat-e  of  lime  a  current  of  atmospheric  air 
causes  all  the  iron  to  l)e  prei'ipiUitetl  as  hydrated  peroxide  before  the  lime 
bef^ins  to  separate. 

Dana,  James  D.  :  American  Journal  of  Science,  third  series,  1884,   volume  28, 
page  398. 

The  limonite  ore  beds  of  the  eastern  United  States  result  from  the  oxida- 
tion in  situ  chiefly  of  ferriferous  limestone.  The  ferriferous  limestones  were 
formed  in  interior  basins  or  marshes  by  iron  bicarbonate  or  salt  of  an  organic 
acid  washed  down  from  the  land  over  areaa  of  calcareous  deposits.  Tiiese  ore 
beds,  although  superficial,  can  not  be  said  to  be  modern.  They  have  prob- 
ably been  in  progress  ever  since  the  land  emerged  from  the  ocean. 

Davis,  O.  W.,  Jr.  :  The  iron  ores  of  Maine,  Journal  United  States  Association  of 
Charcoal  Iron  Workers,  1886,  volume  1,  page  66. 

The  ores  in  the  vicinity  of  Katahdin,  Maine,  which  occur  in  Silurian  clay 
slates,  have  been  formed  by  the  decomposition  and  oxidation  of  pyrites. 


•A  fnUbibliogrnphy  on  ironoreMis  piiblifihod  in  Bulletin  number  x  of  the  Minn<»s<)ta  (Jeolugii-al 
Survey. 

LXXI— Bum..  Oroi..  Soc.  Am.,  Vol.  11.  1899 
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D'Invillibrs,  E.  V. :  Second  Pennsylvania  Geological  Survey,  Report  T,  page  136. 

The  pipe  ores  are  caused  by  (1)  the  decomposition  of  iron  pyrite  in  the  lime- 
stone ore  slate  bands,  which  after  oxidation  as  sulphate  filled  interstices  in  the 
limestone  and  *'  changed  into  peroxide  by  contact  with  vegetable  matter  or 
other  organic  substances/'  or  (2)  the  production  of  ferrous  carbonate  by  reac- 
tion  between  ferrous  sulphate  and  calcium  carbonate  and  afterward  chani^l 
to  Hmonite  by  oxidation  and  hydration.  The  wash  or  lump  hematites  are 
wash  deposits  caught  in  vast  caverns  of  irregular  shape. 

EwiNG,  A.  L. :  Second  Pennsylvania  Geological  Survey,  Report  T,  page  408. 

The  original  condition  was  as  ferrous  salts,  in  most  cases  carbonate.  It  is 
probable  that  portions  of  the  iron  have  been  dissolved,  transported,  deposited, 
and  oxidized  dnring  the  process  of  rock  decay,  yet  the  facts  would  indicate 
that  the  greater  part  is  due  to  oxidation  in  sUu. 

FoNTAiNB,  W.  M. :  Quoted  by  E.  C.  Pechin  in  Proceedings  of  the  Iron  and  Steel 
Institute,  October,  1890. 

The  ores  are  formed  by  the  concentrating  action  of  concretionary  forces  that 
have  collected  the  once  diffused  iron  into  masses,  which  have  a  more  or  le^ 
distinctly  concretionary  structure,  or  which  form  beds  of  nodular  ore  or  crasts 
^ing  in  inclosing  clay. 

Frazbr,  Pkripbr,  Jr.:  Second  Pennsylvania  Geological  Survey,  Report  C,  page  142. 
The  pyrites  of  the  hydromica  slates  furnish  ferrous  sulphate  and  free  sul- 
phuric acid  which  reacts  on  the  soda  in  the  slates,  producing  sodium  sulphate, 
which  in  turn  reacts  on  the  lime  bicarbonate,  giving  soda  carbonate  and  lime 
sulphate.  The  sodium  bicarbonates  react  on  the  ferrous  and  ferric  salphateii, 
forming  hydrous  oxide  from  the  latter  and  hydroferrous  carbonate  from  the 
former,  which  is  farther  oxidized  to  ferric  hydrate.  This  is  one  of  many 
suggestions. 

Harubn,  J.  W. :  Transactions  of  the  American  Institute  of  Mining  Engineers,  1873, 
volume  1,  page  136. 
The  ore  is  the  residue  of  the  decomposition  of  the  slates  and  limestones. 

Hunt,  T.  S.  :  Second  Geological  Survey  of  Pennsylvania,  Report  E,  pages  202-204; 
Transactions  of  the  American  Institute  of  Mining  Engineers,  volume  xi,(ia)re 
244. 

The  ores  are  formed  by  the  oxidization  in  sUu  of  deposits  of  carbonate  of 
iron,  and  in  some  places  pyrite  interstratified  in  the  more  or  less  ai^llaceoaa 
slates  now  changed  to  clay. 

Jackson,  R.  M.  S.  :  Nittany  Valley  Iron  Ores,  1838-*39. 

The  ores  are  deposited  in  situ  freed  from  the  limestone  during  the  proceae  of 
erosion  and  disintegration. 

JuLiBN,  A.  A. :  Proceedings  of  the  American  Association  for  the  Advancement  of 
Science,  1879,  volume  28,  page  401. 

Whatever  the  source  of  the  iron  oxide  may  have  been,  whether  pyrite  or 
other  ferruginous  minerals,  the  action  of  humus  acids  may  be  suspected.  Thev 
probably  served  for  its  transport  and  as  the  erosive  agents  in  the  excavation 
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of.  the  nuraeroufl  limestone  caverns.  If  it  should  be  established  that  the  iron 
was  first  deposited  as  carbonate,  its  solution  and  decomposition  were  probably 
accomplished  by  these  acids  previous  to  its  oxidation  and  hydration. 

Kkndaij.,  J.  D. :  The  Iron  Ores  of  Great  Britain  and  Ireland,  London,  1893. 

The  limoniteores  are  oxidized  carbonates  which  are  formed  by  replacement 
of  limestone.  The  direct  source  of  the  iron  may  have  been  the  clay  deposits, 
hut  it  originally  came  from  volcanic  rocks.  In  the  replacement  of  limestone 
by  iron  carbonate  tliere  would  be  a  diminution  of  volume  of  about  18  per  cent. 
There  would  be  a  corresponding  loss  of  18  per  cent  in  the  change  from  car- 
bonate to  limonite. 

Kimball,  Jambs  P. :  American  Journal  of  Science,  September,  1891, .and  American 
Geologist,  December,  1891. 

The  iron  in  solution  replaces  the  lime  carbonate  in  the  limestones  and  is 
subsequently  oxidized. 

Leonhard,  ^— :  Jahrbuch  fur  Mineralogie,  1845,  page  14. 

Describes  the  formation  of  ferric  hydrate  stalactites  now  going  on  in  a  mine 
near  cape  Cornwall.  Stalactites  18  inches  long  and  an  inch  in  diameter  have 
been  formed  since  the  mine  was  abandoned.  It  seems  probable  that  these 
were  formed  by  waters  carrying  iron  carbonate  in  solution. 

Lesley,  J.  P. :  Proceedings  of  the  American  Philosophical  So<dety,  volume  ix, 
page  463. 

The  ore  is  the  residue  of  the  Silurian  slates  and  sandy  limestones.  The 
geologist  can  procure  specimens  of  every  stage,  from  limestone  which  refused 
to  disintegrate  and  the  iron-lime  sandstone  with  the  disintegration  and  crys- 
tallization begun  to  the  perfect  ball  and  pot  ore. 

Proceedings  of  the  American  Philosophical  Society,  volume  xiv,  page  19. 
The  original  source  of  the  iron  is  the  limestone,  from  which  it  is  set  free 
during  erosion.  Three  theories,  each  applicable  to  different  kinds  of  ores, 
are :  1,  that  part  of  the  ores  which  occupied  caverns,  fissures,  and  sink-holes 
now  lie  in  pockets;  2,  the  deposits  which  show  gravel  and  rolled  ore  and  a 
commingled  mass  of  ore  sand  and  clay  are  surface  washes ;  3,  there  are  inter- 
stratified  be<is  of  brown  hematite  still  in  their  original  position,  tles4>ending 
between  layers  of  sandstone  and  limestone  to  undetermined  depths. 

Final  Report  of  the  Second  Pennsylvania  Geological  Survey,  page  364. 
It  is  quite  possible  that  all  the  Great  Valley  limonites  are  cavern  deposits  of 
very  recent  date,  derived  from  the  decomposition  of  a  series  of  damourite  lime 
shales  belonging  to  various  horizons  in  the  Chazy  and  Calciferous  magnesian 
limestones. 

Lyman,  Benjamin  Smith  :  Proceedings  of  the  American  Association  for  the  Ad- 
vancement* of  Science,  1867,  volume  16,  page  115. 

The  ore  was  deposited  in  regular  beds  at  the  same  time  as  the  other  rocks. 
They  have  been  broken  into  fragments  at  their  outcrop,  and  the  fragments 
have  accumulate<l  in  quantities  varying  according  to  the  lay  of  the  ground. 
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Mrrrill,  F.  J.  H. :  Bulletin  of  the  New  York  State  Maseum,  volume  4,  number  19, 
pa^  221. 

The  existence  of  the  carbonate  in  the  deeper  parte  of  some  of  the  mineeand 
their  interstratification  with  the  limestones  is  suggestive  of  the  origin  of  the 
linionites  by  the  decomposition  of  the  ferruginous  beds,  through  oxidation  and 
the  agency  of  carbonated  waters. 

NttWHBKRY,  J.  S. :  Engineering  and  Mining  Journal,  1881,  volume  81,  page  29P. 
They  are  the  accumulation  of  iron  qvrried  in  the  surface  drainage,  depoeitetl 
by  aeration  and  oxidation.  The  iron  came  from  the  surface  drainage  of  rock 
and  soil,  the  decomposition  of  pyritous  rocks,  and  a  residual  from  ferriferous 
limestones.  The  formation  has  evidently  been  going  on  from  the  Cretaceoii« 
age  to  the  present. 

PjiNBosB,  R.  A.  F.,  Jr.  :  Journal  of  Geology,  1894,  volume  ii,  page  304. 

Many  of  the  iron  oi*e  deposits  in  the  Cambrian  and  Lower  Silurian  can  be 
clearly  shown  to  be  due  to  a  superficial  replacement  of  limestone,  or  even  of 
more  silicious  rocks  like  shales,  by  iron  dissolved  from  ferruginous  rocks  in 
the  neighborhood.  In  such  cases  the  iron  in  the  original  rock  has  been  dis- 
solved and  carried  off  in  carbonated  surface  water  and  reprecipitated  in  the 
other  rocks,  all  these  stages  being  directly  due  to  surface  influences. 

Porter,  John  B.  :  Transactions  of  the  American  Institute  of  Mining  Engineers, 
volume  15,  page  177. 

The  ores  are  formed  from  oxidized  pyrite,  which  occurs  either  in  masses  or 
disseminated  through  the  older  rocks.  The  saying,  **  No  ore  is  under  where 
the  water  stands  "  is  a  key  to  the  great  cause  in  the  formation  of  linionite. 

Pkimk,  F.,  Jr.:  American  Journal  of  Science,  third  series,  1875,  volume  9,  page  438; 
Transactions  of  the  American  Institute  of  Mining  Engineers,  1875,  volume  3, 
page  410. 

The  brown  hematites  were  probably  formed  by  the  oxidation  of  iron  pyrites, 
but  not  in  ftUu.  It  is  uncertain  whether  the  pyrite  was  disseminated  throu^'h 
the  limestone  or  whether  there  was  a  bed  especially  rich  in  pyrite.  The  ox- 
idation of  the  pyrite  produce*!  protosnlphate  of  iron,  which  reacts  on  the 
limestones  an<l  the  carbonate  of  lime  and  magneeta  in  the  damonrite  slates, 
producing  iron  carbonate,  which  is  deposited,  and  lime  sulphate,  which  is 
carried  off  in  solution. 

Second  Pennsylvania  Geological  Survey,  Report  D,  pages  53, 59. 
The  pipe  ore  has  evidently  formed  by  deposition  from  solution  by  the  ox- 
idation of  some  ferrous  salt,  probably  the  carbonate.  **  The  ore  must  then 
have  been  formed  either  from  the  decomposition  of  ferrous  salts  in  «/«— that 
is,  ferrous  silicates  or  carbonate— from  the  solution  of  the  ferrous  carbonate  in 
the  limestone  and  its  redeposition  in  the  damourite  slates  or  from  the  same 
reaction  of  the  ferrous  sulphate  formed  by  the  oxidation  of  pyrite."  The 
potash  of  the  damourite  slates  must  have  exerted  an  important  agency  in  the 
formation  of  the  ores  in  their  present  position  and  condition. 

RoGBRS,  H.  W. :  Geology  of  Pennsylvania,  1858,  volume  i,  page  183;  volume  ii, 
jiflge  721. 

Much  of  the  iron  (of  the  ores  of  the  Primal  series)  was  originally  pyrite  in 
minute  crystals  in  certain  layers  of  the  slate. 
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Introduction 


In  volumes  4  and  5  of  the  Final  Report  of  the  Geological  and  Natural 
History  Survey  of  Minn&sota,  and  in  some  of  the  annual  reports  of  the 
same  survey,  mention  is  frequently  made  of  certain  peculiar  crystalline 
rocks  which  occur  along  the  northern  edge  of  the  great  gabbro  mass  of 
northeastern  Minnesota.  The  rocks  in  question  furnish  one  of  the  most 
interesting  cases  of  metamorphism  of  a  series  of  rocks  of  varied  lith- 
ology  by  the  contact  eflfect  of  a  basic  igneous  mass.  It  is  the  object  of 
this  paper  to  present  in  outline  an  account  of  the  phenomena  here  seen. 

Outline  of  local  Geology 

The  triangular  area  of  Minnesota  lying  north  of  lake  Superior  is  under- 
lain by  rocks  of  pre-Cambrian  age.  In  general  these  are  disposed  in 
belts,  which  trend  east-northeast  and  west-southwest.  Those  of  greatest 
age  are  toward  the  north,  so  that  in  traversing  this  district  from  the 
Canadian  boundary  south  to  lake  Superior  one  passes  over  rocks  of  the 

LXXII— Bull.  Gkol.  Soc.  Am.,  Vol.  II.  1890  (503) 
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following  ages  in  the  order  nanned :  Archean,  Lower  Huronian  (or  Kee- 
watin),  Upper  Huronian  (or  Animikie),  and  Keweenawan.  These  series 
are  separated  by  unconformities.  The  first  two  series  frequently  have 
been  closely  folded,  while  the  last  two  dip  toward  the  south -southeast  at 
angles  of  from  6  to  20  degrees. 

The  Archean  consists  in  the  main  of  greenstones  and  of  granites,  more 
or  less  schistose.  The  former  were  originally  basic  igneous  rocks,  and  in 
most  cases  they  have  not  as  yet  been  carefully  separated  from  the  over- 
lying Keewatin,  which  also  contains  masses  of  greenstone.  Granites, 
intrusive  into  the  Keewatin,  also  occur. 

The  Lower  Huronian  (or  Keewatin)  is  composed  of  a  variety  of  sed- 
imentary and  igneous  rocks,  the  most  numerous  of  which  are  conglom- 
erates, graywackes,  jaspilytes,  greenstones,  and  slates  and  schists  of 
several  kinds. 

The  Upper  Huronian  (or  Animikie)  rests  unconformabl}^  upon  the 
older  rocks,  and  along  the  contact  with  the  gabbro  has  not  been  sub- 
jected to  the  intense  dynamic  action  which  has  folded  and  sheared  these 
older  rocks.  The  dip  of  the  Animikie  averages  about  10  degrees  toward 
the  south  or  south-southeast,  but  where  it  disappeare  under  the  gabbro 
the  dip  is  commonly  much  steeper.  The  Animikie  is  separable  into 
four  members,  in  ascending  order,  as  follows : 

1.  The  quartzite  member. 

2.  The  iron-bearing  member,  in  which  the  important  iron  deposits  of 
the  Mesabi  range  occur. 

3.  The  black-slate  member,  which  is  composed  essentially  of  black, 
carbonaceous,  frequently  very  fissile,  slates. 

4.  The  gray  wacke-slate  member,  consisting  of  black  to  gray  slates  and 
fine  grained  graywackes,  with  some  flinty  slates  and  slaty  quartzites. 

The  lower  member  is  lacking  in  the  district  where  the  gabbro  occurs. 

The  Keweenawan  consists  at  its  base  of  a  mass  of  gabbro,  which  is 
frequently  associated  with  more  acid  rocks  of  somewhat  later  date- 
Above  these  is  a  series  of  basic  igneous  rocks,  with  the  uppermost  parts 
of  which  some  sandstones  and  conglomerates  are  intercalated. 

Keweenawan  Gabbro  • 

• 

The  gabbro  occupies  a  roughly  crescentic  larea  which  reaches  lake 
Superior  at  its  western  end,  but  elsewhere  is  sevferal  miles  north  of  this 
body  of  water.  The  crescent  is  some  125  miles  in  length,  and  the  total 
surface  area  underlain  by  the  gabbro  is  approximately  1,000  square  miles. 
It  is  therefore  a  mass  of  considerable  size. 

The  gabbro  is  a  coarse  grained  aggregate  of  plagioclase,  which  is  near 
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labradorite;  augite,  which  is  often  diallagic;  olivine,  and  magnetite, 
with  occasionally  hypersthene,  biotite.  hornblende,  and  minor  accessory 
minerals.  In  general,  the  mass  is  of  fairly  uniform  composition.  Varia- 
tions, however,  take  place  mainly  in  three  directions :  First,  by  increase 
of  feldspar  the  rock  becomes  an  anorthosite ;  second,  by  increase  of  feld- 
spar and  olivine  a  forellenstein  is  formed ;  third,  by  increase  of  magnetite 
masses  of  titaniferous  magnetic  iron  ore  originate.  Along  its  northern 
limit  the  gabbro,  while  at  times  assuming  a  finer  grain,  usually  preserves 
its  distinctly  coarse  grain  and  granular  texture  to  its  contact  with  the 
underlying  rocks.* 

Although  this  large  mass  of  rock  has  been  regarded  as  the  earliest 
flow  or  series  of  flows  of  Keweenawan  time,  there  has  been  a  recent  trend 
of  opinion  toward  the  conclusion  that  the  gabbro  is  not  of  extrusive,  but 
more  probably  of  intrusive  nature,  and  that  it  has  the  form  of  a  lacco- 
lite.  There  is,  so  far  as  known,  no  separation  of  this  enormous  mass 
into  distinct  beds  or  flows  similar  to  the  other  flows  of  Keweenawan  age, 
nor  have  any  of  the  characteristic  textures  of  surface  rocks  been  reported 
from  the  gabbro  proper.  It  must  be  said,  however,  that  the  southern  or 
upper  side  of  this  mass  has  not  been  studied  in  detail.  Moreover,  the 
marked  metamorphosing  effects  which  the  gabbro  has  had  on  the  under- 
lying rocks  along  its  northern  border — effects  described  below — also  point 
to  the  non-extrusive  character  of  the  mass. 

Contact  Metamorphism  produced  by  the  Gabbro 
general  character  of  the  metamorphism 

This  metamorphism  is  very  noticeable,  and  consists  of  a  partial  or  a 
complete  recrystallization  of  the  adjacent  rocks.  Complete  recrystalliza- 
tion  is  the  rule  near  the  con  tact,  and  in  places  this  extends  500  feet  from 
the  contact.  A  partial  recrystallization  is  at  times  noticeable  for  a  dis- 
tance of  a  quarter  of  a  mile  or  more  from  the  present  surface  limits  of 
the  gabbro. 

In  northwestern  Cook  county,  Minnesota,  the  gabbro  is  in  contact  wi.th 
the  uppermost  or  gray wacke-sl ate  member  of  the  Animikie.  In  going 
westward  this  igneous  mass  cuts  across  the  strike  of  the  Animikie,  touch- 
ing thfe  black-slate  and  the  iron-bearing  members,  then  strikes  the  Kee- 
watin,  and  finally  reaches  the  Archean.  In  the  rocks  of  each  of  these 
series  certain  characteristic  contact  phenomena  can  be  seen.  In  Lake 
county  the  gabbro,  except  for  isolated  patches  of  the  iron-bearing  member 

•The  petrography  of  the  gabbro  has  been  described  by  W.  S.  Bayley  (Journal  of  Geology,  1893, 
vol.  T.  pp.  668-716),  and  by  N.  H.  Winchell  and  the  writer  ((ieological  and  Natural  History  Survey  of 
Minnesota,  Final  Report,  vol.  5,  in  press). 
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of  the  Animikie,  is  in  contact  with  still  older  rocks,  and  in  eastern  Saint 
Jjouis  county  the  Animikie  again  emerges  from  beneath  the  gabbro* 

GHAYWACKESLATE  MEMBER  OF  THE  ANIMIKIE 

Where  the  gabbro  is  in  contact  with  the  uppermost  member  of  the 
Animikie  there  is  a  marked  contact  zone,  in  which  the  sedimentary 
rocks  are  much  hardened  and  have  a  massive  aspect,  appearing  at  a  dis- 
tance like  igneous  rock,  while  close  to  the  gabbro  they  are  completely 
recrystallized.  Near  the  contact  the  more  silicious  strata  have  been 
turned  into  completely  crystallized  quartzites.  The  less  pure  silicious 
rocks  consist  of  granitic  aggregates  of  quartz,  feldspar,  biotite,  and  mus- 
covite  in  varying  proportions,  with  occasionally  cordierite.  It  is  to  be 
noted  that  the  minerals  common  to  the  gabbro,  especially  pyroxene  and 
olivine,  which  are  so  abundant  in  the  metamorphosed  rocks  of  the  iron- 
bearing  member  of  the  Animikie  and  of  the  Archean,  described  below, 
.are  absent  from  these  silicious  rocks  at  the  gabbro  contact.  A  short  dis- 
tance from  the  contact  the  recrystallization  becomes  less  complete,  al- 
though biotite  and  muscovite  have  been  developed. 

BLACK-SLATE  MEMBER  OF  THE  ANIMIKIE 

The  known  exposures  do  not  show  any  contacts  of  the  gabbro  on  the 
next  lower  or  black-slate  member  of  the  Animikie,  but  in  a  few  places 
somewhat  removed  from  the  contact  and  in  the  immediate  vicinity  of 
sills  of  diabase  cordierite  has  been  developed  in  these  slates.  A  frag- 
ment referred  to  these  black  carbonaceous  slates  and  included  in  the 
gabbro  is  now  a  comi>letely  crystallized  aggregate  of  quartz,  graphite, 
and  biotite,  with  large  plates  of  beautifully  pleochroic  hypersthene, 
which  incloses  the  other  minerals  in  a  poikilitic  manner. 

IRON  BEARING  MEMBER  OF  THE  ANIMIKIE 

It  is  in  the  next  lower  or  iron-bearing  member  of  the  Animikie  that 
the  most  interesting  contact  phenomena  are  exhibited.  This  member 
is  the  one  in  which,  farther  west,  the  immense  hematite  deposits  of 
the  Mesabi  range  occur.  The  original  rock  is  regarded  as  a  glauconitic 
greensand,in  which  there  is  more  or  less  iron  carbonate.  This  rock  has 
been  altered  to  aquartz-magnetite-amphibole  elate,  theamphibole  being 
in  the  form  of  actinolite,  griinerite,  cummingtonite,  and  hornblende. 
This  quartz-magnetite-amphibole  slate,  commonly  known  in  the  Lake 
Superior  region  *as  actinolite  schist,  has  been  profoundly  changed  by 
the  gabbro,  and  the  resulting  rock  is  a  coarse  grained  aggregate  of  cpiartz. 
magnetite,  olivine  (which    is   frequently  fayalite),  hypersthene,  augit^?- 

♦CT.  (ifol.  and  Nut.  Uis.t.  Jilurvey  of  Minn.,  Final  Kept.,  181W,  vol.  4,  plu.  07,  r*,0». 
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hornblende,  and  occaaionally  griinerite,  and  cunimingtonite.  These 
rocks,  like  the  rocks  from  which  they  are  derived,  are  beautifully  banded, 
'  the  separate  bands  being  composed  of  quartz,  or  of  magnetite,  or  of 
silicates,  or  of  a  mixture  of  any  two  or  more  of  the  minerals.  The  tex- 
ture of  the  different  bands  is  granitoid  as  a  rule,  but  in  some  cases  one 
mineral,  notably  the  hypersthene,  is  developed  into  large  plates,  which 
include  the  other  minerals  in  a  poikilitic*manner.  These  contact  rocks, 
which  on  account  of  the  abundance  of  magnetite  and  olivine  are  some- 
times called  the  olivinitic  iron  ores,  are  so  peculiar  that  attention  has 
been  called  to  them  by  several  geologists.  As  they  have  been  referred 
either  to  the  Lower  Huronian  or  to  the  Upper  Huronian  (or  Animikie) 
or  to  the  gabbro  (Keweenawan)  itself  by  different  geologists,  it  seems 
best  to  present  briefly  the  evidence  proving  their  real  age.*  This 
seems  best  also  because,  on  account  of  the  abnormal  mineral  composi- 
tion of  these  rocks,  there  may  be  some  hesitancy  about  accepting  their 
original  sedimentary  nature. 

The  facts  which  show  the  Animikie  age  of  the  rocks  in  question  may 
be  stated  as  follows : 

1.  The  outcrops,  while  not  absolutely  continuous,  are  of  sufficient 
frequency  to  allow  the  gradual  tracing  of  the  quartz-magnetite-amphibole 
slates  along  their  strike  into  these  highly  crystalline  rocks. 

2.  In  following  these  outcrops  a  gradation  in  crystalline  and  mineral 
nature  can  be  traced  from  the  slates  to  the  rocks  in  question. 

8.  Certain  structural  features  of  the  region,  the  details  of  which  can 
not  be  given  here,  are  fnost  readily  explained  by  assuming  the  Animikie 
jige  of  the  olivinitic  iron  ores. 

4.  The  rocks  underlying  and  those  overlying  the  olivinitic  iron  ores 
are  the  same  as  those  underlying  and  overlying  the  less  altered  slates— 
that  is,  the  stratigraphic  positions  of  the  two  are  similar. 

5.  The  rapid  alternations  of  bands  of  different  compositions  in  the  two 
rocks  are  exactly  similar. 

6.  The  anomalous  mineral  composition  of  these  highly  crystalline 
rocks  can  be  explained  as  the  direct  result  of  the  mineral  composition 
of  the  Animikie  rocks  from  which  they  were  derived.  The  peculiar 
mineral  character  consists  in  the  presence  of  so  many  and  such  large 
amounts  of  minerals  which  are  not  commonly  found  in  metamorphosed 
sediments,  but  which  are  characteristic  of  basic  igneous  rocks — that  is, 

*()f  t}ic  geologiatis  who  have  studied  the  rocks  in  question  the  writer  underHtandt*  that  J.  M. 
f'h'ment^,  A.  H.  Klftman,  t'.  K.  Leith,  C,  K.  Van  HiHe,and  H.  V.  Winchell  agree  witJi  the  interpre- 
tation here  given,  namely,  that  the«e  rocks  are  partH  of  the  iron-benring  member  of  the  Animikie 
riK'tamorphoned  by  the  gai)bro.  N.  H.  Winchell,  while  formerly  holding  thi8  interpretation,  now 
rcgardK  these  rocks  an  of  Keewatin  age.  W.  S.  Bayley  hat*  dc»*cril>ed  them,  or  at  least  large  parts 
of  them,  as  peripheral  phases  of  tlic  gabbro. 
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olivine,  augite,  and  hypersthene.  To  present  this  point  more  definitely, 
it  can  be  stated,  first,  that  from  the  quartz  and  magnetite  of  the  slates 
can  be  formed  the  quartz  and  magnetite  of  the  metamorphic  rocks;* 
second,  that  from  the  actinolite  and  hornblende  of  the  slates  can  he 
formed  the  augite  and  the  hornblende  of  the  metamorphic  rocks ;  thinl, 
that  from  the  griinerite  (FeSiO,)  can  be  formed  the  fayalite  (Fe^SiOJ ; 
fourth,  that  from  the  cummingtonite  ([MgFe]SiO,)  can  be  formed  the 
olivine  ([MgFe],SiOJ  and  the  hypersthene  ([FeMg]SiO,).  It  is  thus 
clear  that  the  materials  necessary  for  the  formation  of  the  minerals  of 
thef  metamorphic  rocks  were  all  present  in  the  original  quartz-magnetite- 
amphibole  slates.  It  is  not  the  intention  of  the  writer  to  state  that  there 
was  no  transfer  of  material  from  the  gabbro  during  this  metamorphisni. 
This  may  have  taken  place,  but  it  is  not  necessary  to  assume  even  a 
limited  transfer,  for  the  materials  requisite  for  the  manufacture  of  the 
minerals  of  the  metamorphosed  rocks  already  existed  in  the  iron-bear- 
ing slates. 

Turning  now  to  the  reasons  for  regarding  these  peculiar  metamorphic 
rocks  as  not  facies  of  the  gabbro,  it  may  be  stated : 

1.  That  the  rocks  in  question  contain  no  feldspar,  which  is  the  most 
abundant  mineral  in  the  gabbro. 

2.  That  quartz  is  abundant  in  the  metamorphic  rocks,  while  it  is  absent 
in  the  normal  gabbro.  If  these  rocks  were  facies  of  the  gabbro  we  would 
have  the  anomalous  feature  of  much  free  quartz  in  an  ultra-basic  rock. 

3.  That  the  magnetite  of  the  olivinitic  iron  ores  is  not  titaniferous, 
while  the  magnetite  masses  of  the  gabbro  are  highly  titaniferous,  and 
the  magnetite  of  the  ordinary  gabbro  is  also  titaniferous. 

4.  That  where  the  two  rocks  come  into  contact  there  is  no  gradation 
between  them,  but  a  sharp  and  definite  separation  can  be  made.  More- 
over, at  the  contact  the  gabbro  is  finer  grained  than  away  from  this  line. 
The  same  sharp  separation  can  be  made  where  sills  from  the  gabbro  lie 
in  the  iron-bearing  rocks,  and  here  the  fineness  of  grain  of  the  sills  at 
the  contact  is  very  marked. 

5.  That  there  are  nowhere  in  the  gabbro  such  intimate  laminationj? 
and  bandings  as  in  the  rocks  in  question. 

These  iron-bearing  rocks  have  suffered  much  more  extensive  recrvs- 
tallization  than  other  strata  with  which  the  gabbro  has  come  in  contact. 
The  exact  reason  for  this  is  not  clear,  but  probably  the  peculiar  conip- 
sition  of  these  rocks  in  part  conditioned  the  result. 

THE  KEKWATJN 

Where  the  gabbro  is  in  contact  with  strata  of  Lower  Huronian  age 
there  has  been  the  usual  recrystallization,  but  as  these  strata  are  diverse 
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in  mineral  composition  the  resulting  metamorphic  rocks  vary  greatly. 
A  very  prominent  feature  of  these  altered  rocks  is  the  presence  of  much 
biotite,  while  in  the  intermediate  vicinity  of  the  contact  hypersthene  is 
developed  frequently  in  poikilitic  plates. 

jHE  archean' 

Along  the  northern  border  of  the  gabbro  the  Archean  is  represented 
by  two  types  of  rocks,  granites  and  greenstones.  Contact  metamorphism 
in  the  first  of  these  has  not  been  noted ;  in  fact,  it  may  be  questioned 
whether  the  gabbro  induced,  any  marked  changes  in  these  acid  rocks  ; 
but  in  the  other  type,  the  greenstones,  a  series  of  changes  has  taken  place 
which  has  produced  rocks  of  a  peculiar  nature.  Originally  the  green- 
stones here  considered  consisted  of  gabbros,  diabases,  diorites,  or  the 
finer  grained  extrusive  and  fragmental  equivalents  of  these  rocks.  They 
have  been  subjected  to  many  vicissitudes,  and  in  their  present  composi- 
tion they  are  aggregates  of  hornblende,  plagioclase,  kaolinite,  epidote, 
quartz,  and  minor  alteration  products.  The  metamorphism  induced  by 
the  gabbro  has  been  of  a  nature  which  has  tended  to  reproduce  the 
original  minerals  of  these  greenstones.  The  result  is  in  some  cases  quite 
similar  to  a  fine  grained  gabbro.  In  fact,  some  of  these  metamorphosed 
greenstones  have  been  described  as  parts  of  the  great  gabbro  mass,  while, 
on  the  other  hand,  certain  fine  grained  and  granulitic  phases  of  the 
gabbro  have  been  referred  to  these  changed  greenstones.  The  resemblance 
between  the  two  rocks  is  quite  marked  on  surfaces  which  have  been  ex- 
})08ed  to  the  weather,  both  forming  yellow  granular  masses,  which 
crumble  readily  under  the  hammer.  There  is,  however,  a  difference 
between  these  apparently  similar  rocks  of  diverse  origin,  and  a  judicial 
combination  of  field  evidence  and  microscopical  study  will  commonly 
enable  one  to  decide  to  which  category  the  rock  of  a  given  outcrop  be- 
longs. The  granulitic  gabbros  are  confined  within  (that  is,  to  the  south 
of)  the  northern  boundary  line  of  the  gabbro  mass.  This  line  can  be, 
and  in  fact  for  a  considerable  distance  has  been,  carefully  located.  The 
metamorphosed  greenstones  are  without  (that  is,  to  the  north  of)  this 
boundary,  and,  moreover,  they  can  usually  be  traced  directly  into  the 
less  altered  greenstones,  the  zone  in  which  the  complete  recrystallization 
has  taken  place  being  commonly  a  comparatively  narrow  one.  In  thin 
sections  the  granulitic  gabbros  present  a  typically  granular  texture  and 
the  grains  are  very  uniform  in  size.  Hornblende  is  not  common,  and 
olivine  and  hypersthene  are  at  times  found. 

In  the  metamorphosed  greenstones  the  texture  is  not  so  typically 
granular,  and  the  gijains  vary  conajderably  in  size,  although  many  of 
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them  have  the  approximately  ciro«r  outlines  which  are  so  noticeable 
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in  the  granulitic  gabbros.  Moreover,  in  the  metamorphosed  greenstone? 
there  is  usually  much  hornblende  and  sometimes  a  little  quartz,  and  it 
is  only  in  close  proximity  to  the  gabbro  that  augite  and  hypersthene 
are  found  in  any  considerable  amounts.  Olivine  has  not  been  noted, 
and  quite  frequently  the  hornblende  and  hypersthene  are  in  poikilitic 
plates. 

Summary 

In  conclusion,  it  may  be  stated  that  the  great  mass  of  gabbro  at  the 
base  of  the  Keweenawan  in  Minnesota  has  features  which  indicate  its 
intrusive  rather  than  its  extrusive  nature;  that  one  of  the  most  impor- 
tant of  these  features  is  the  marked  contact  zone  along  the  lower  or 
northern  side  of  this  mass ;  that  in  this  zone  a  complete  recrystallization 
of  the  strata  has  been  effected,  at  times  for  a  distance  of  a  few  hundred 
feet  from  the  igneous  rock,  with  less  pronounced  effects  extending  for  a 
quarter  of  a  mile  or  more ;  that  the  rocks  resulting  from  the  contiict 
metamorphism  of  the  iron-bearing  member  of  the  Aniniikie  are  pecu- 
liarly rich  in  minerals  of  the  basic  rocks — that  is,  in  augite,  hyi>er8thene, 
and  olivine ;  that  the  materials  for  these  minerals  were  present  in  the 
quartz-magnetite-amphibole.  slates  of  the  Animikie,  and  consequently 
that  it  is  not  necessary  to  consider  these  minerals  as  derived  from  the 
gabbro ;  and  that  the  contact  effects  on  some  altered  basic  igneous  rocks 
have  been  to  reproduce  the  original  mineral  characters  of  these  rocks  and 
to  produce  textures  partially  similar  to  true  igneous  rocks. 
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Session  of  Wednesday,  December  27 

The  twelfth  winter  meeting  of  the  Society  was  called  to  order  at  10 
o'clock  in  the  Lecture  hall  of  Columbian  University,  where  all  the  ses- 
sions were  held.  The  President,  Professor  Benjamin  K.  Emerson,  occu- 
pied the  chair  throughout  the  meeting. 

Mr  G.  K.  Gilbert,  in  behalf  of  the  Fellows  resident  in  Washington  and 
the  scientific  societies  of  the  city,  made  a  brief  address  of  welcome,  to 
which  the  President  responded. 

The  first  item  of  administrative  business  was  the  report  of  the  Council, 
including  the  annual  reports  of  the  officers,  which  the  Secretary  sub- 
mitted in  print,  without  reading,  as  follows : 

REPORT  OF  THE  COUNCIL 

lo  the  Geobgicdl  Society  of  Amej'ica, 

in  Twelfth  Annual  Meeting  Assembled  : 
During  the  past  year  the  Council  has  held  its  stated  meetings  in  con- 
nection with  Society  meetings,  the  attendance  at  Columbus  being  one 
Jess  than  a  quorum.  The  affairs  of  the  Society  are  in  good  condition, 
and  the  Council  has  no  special  business  or  recommendations  to  present. 
The  details  of  the  past  year's  administration  will  be  found  in  the  fol- 
lowing reports  of  the  officers : 

Skcrbtary's  Rbport 

To  the  Council  of  the  Geological  Swlety  of  America  : 

Meetings, — The  records  of  the  Eleventh  Annual  Meeting,  held  at  New 
York,  December,  1898,  and  the  Eleventh  Summer  Meeting,  held  at  Co- 
lumbus, Ohio,  in  August  of  this  year,  are  not  yet  printed,  but  will  doubi- 
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less  be  distributed  in  a  few  weeks.  The  Summer  Meeting  occupied  one 
day  of  the  time  of  Section  E,  American  Association  for  the  Advancement 
of  Science. 

Membership, — During  the  year  death  has  removed  four  eminent  Fel- 
lows, two  of  them  being  past  Presidents  of  the  Society.  Othniel  C. 
Marsh  died  March  18;  Oliver  Marcy,  March  19;  Edward  Orton,  Octo- 
ber 16,  and  J.  William  Dawson,  November  19. 

The  candidates  elected  at  the  New  York  and  Columbus  meetings  all 
qualified  except  one,  which  adds  13  names  to  the  list.  Pour  resignations 
have  been  accepted  and  three  names  erased  for  non-payment,  which 
leaves  239  names  upon  the  membership  list  at  this  date.  Six  Fellows 
are  delinquent  for  1898,  and  8  candidates  are  now  awaiting  election. 

Official  year — Dale  of  reports. — The  By-Laws  make  the  fiscal  year  of 
the  Society  close  November  30.  For  some  years  the  Secretary's  report 
of  expenditures  has  been  made  to  correspond  in  time  with  the  Treas- 
urer's report,  but  it  was  not  convenient  to  close  the  account  of  Bulletin 
distribution  and  receipts  on  November  30.  This  year,  however,  owing 
to  delay  in  printing  of  volume  10,  it  would  not  be  possible  to  make  a 
full  report  upon  the  volume  even  by  the  end  of  the  calendar  year,  and 
hence  the  opportunity  is  used  to  make  the  Secretary's  financial  report 
coincide  in  time  with  the  Treasurer's.  If  the  Council  approves  of  this,^ 
the  financial  statements  in  future  reports  of  the  Secretary  will  be  to 
November  30  of  each  y6ar. 

Distribution  of  Bulletin. — On  account  of  delay  in  the  printing  of  the 
latter  part  of  volume  10,  the  figures  given  in  the  column  covering  the 
distribution  of  that  volume  are  incomplete,  but  will  be  supplied  for  the 
permanent  record. 

DISTRIBUTION   OF  BULLETIN   FROM  THE  SECRETARY'S  OFFICE  DURING  THE  TEAKS 

1S91-1899 

Complete  Volumes 

Vol.1.  Vol.  2.  Vol.  3.  Vol.  4.  Vol.  5.  Vol.  6.   Vol.  7.   Vol.  8.  Vol.  9.  Vol.10. 

Distributed  to  Fellows 2(»  2U         214         223         222       2:Jl  2:)4  233 

l;onated  to  "exchanges:'..      91        91        89  89           89           87           85         86           84  85 

8€>ia  to  libraries 92       92        94  90           87           92           85          82           81  73 

Sold  to  Fellows 26        19        U  9             6             4             3           2             1 

Seat  to  Fellows,  deficient.       2         11  1            2 

Donated 443  33             3             22             1  I 

Bound  for  officer  and  li- 
brary         3         3         3  3             3             3             3           3             3  3 

Volumes  in  reserve 61      300      .342  (?)  34G(?)    337  (?)     92  (?)    104  (?)    99(?)  101  (?)  106  (?) 

Complete  vols,  received...    264       506      750  (?)    760      734         600  (?)    600  (?)    600  (?)    600  (?)     600  (?) 
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Brochures 

Vol.1.  Vol.2.  Vol.3.  Vol.4.  Vol.5.  Vol.C.  Vol.7.  Vol. 8.  Vol.9.   Vol.io. 
Sent  to  Fellows,  deficient.      50        141          46           43        28           17  15  14  17 
Sent   to    libraries,    defi- 
cient.        3-8           5            «»           1             4             8  3  1 

Sold  to  Fellows 19         22         11  13         19  2  2  3  3 

Sold  to  public 15  18  17  16  8  13  6  7  6  2 

Donated 3  3  3  3  2      


Sab8criptio7is. — Including  the  annual  orders  from  dealers  for  the  Bul- 
letin by  brochures,  there  are  now  73  subscribers.  Three  sets  of  the  Bul- 
letin were  sold  as  the  result  of  advertising;  at  the  beginning  of  the  year. 

Bulletin  sales. — The  receipts  from  the  Bulletin  since  the  last  report  are 
$504.41. 

RBCEIFTB  FROM  SAT.B  OF  BUI.LKTIN   FROM   DJ£CBMBBK  ^{l,    1898,   TO   MOVBMBBK  30,  181*1^ 

By  Sale  of  Complete  Volumes 

Vol.  1. 

From  Fellow8 S4  50 

From  libraries 15  oo 


Total  for  1899 19  5<» 

By  lawt  report  (1898) 562  10 

Total  to  date «58l  (K) 

Vol.  6. 

From  Fellows $4  IK) 

From  libraries 15  oo 


Total  for  1899 19  00 

By  last  report  (1898) 471  oo 

Total  to  date 8490  00 


Vol.  2. 
S4  50 
15  IK) 

Vol.  3. 
S4  00 
15  00 

Vol.  4. 
$3  50 
15  00 

Vol.  5. 
$4U0 
20  00 

19  50 
Ml  00 

19  00 
518  50 

18  50 
480  W 

24  (10 
453  W 

8.')<iO  .50 

Vol.  7. 
^  00 

$.537  60 

Vol.  8. 
9S  00 
20  00 

$498  50 

Vol.  9. 
$4  00 
225  00 

$477  00 
Vol.  10. 

Total. 
$40  7** 

15  7.7 

rsoo 

76  00 
40  UO 

4:»  T-. 

19  75 
422  (K) 

28  (W 
394  (10 

229  00 
170  00 

$399  00 

471  i'. 
4,<'M  *■•) 

$441-  75 

$422  (JO 

$115  00 

$4,.V-  Ni 

By  Sale  of  Brochures 
Vol.  1 


From  Fellows 

From  public $1  iK) 

Total  for  1899 1  90 

By  last  report  (1898) 27  20 


Total  to  date $29  10 

Vol.G.         Vol.7.         Vol.8.        Vol.9.  Vol.10.  T-u 

From  Fellows $2  (mj         $0  91         Si  »1 

From  public 1  «ki         $<>  oo            3  4,*  fo  80  l"  -' 

Total  for  1899 3  ()0          0  (iO              4  30  0  80  U 1- 

By  last  report  (1898) 8  25              8  45              4  55              ooo          li- 

Total  to  date $1125            $8  45            $5  15            $4  9<J  $0  80  $1:?' '* 

Grand  total $4,(>(i2  61 

Ueceivod  for  volume  11  in  iidviinct' 2«i  00 


Vol.  2. 

Vol.  3. 

Vol.  4. 

Vol.  5. 

$1  95 

$0  55 

0  .55 
11  00 

1  95 

21  25 

37  75 

6  85 

$2:1  20 
Vol.  7. 

$37  75 

Vol.  8. 

$12  15 

Vol.  9. 
$0  91 
3  4,-i 

$6  85 
Vol.  10. 

$(l  (iO 

fo  80 

0  (iO 
4  5.5 

4  36 

0  OO 

0  80 

8  45 

Total  H'coipts  to  «|jite $l,r>82  51 

Charxed  mid  unrolloctoil 3l'(ili 

Total  yalfs  of  Bulletin  to  date $4,713  51 
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Exchanges. — No  changes  have  been  made  in  the  list,  which  will  be 
found  at  the  end  of  volume  10.   . 

Expenses, — The  following  table  shows  the  cost  of  administration  for 
the  fiscal  year : 

EXPENDITURE    OF    SKCKBT A KY 's    OFFICE    FOR   THE    FISCAL  YEAR,    NOVEMBER   30,    1898, 

TO   NOVEMBER   30,    1899 

Account  of  Administration 

Postage $26  51 

Expressage 2  99 

Printing  (including  stationery  and  records) , 146  79 

Meetings  (not  included  in  printing) 36  25 

Total 1212  54 

Account  of  Bulletin 

Postage 192  50 

£x])re8sage  and  freight 31  95 

AVrapping  material  and  labels 21  53 

Printing 5  75 

Collection  of  checks 3  30 

Total ♦ $155  03 

Total  expenditure  for  year $367  57 

Kespect fully  submitted.. 

H.  L.  Fairchild, 

Secretary. 
Rochester,  N.  Y.,  December  10,  1899, 

Treasurer's  Report 

To  the  Council  of  the  Geological  Society  of  America  : 

In  submitting  the  annual  statement  of  receipts  and  disbursements  for 
the  year  ending  December  1, 1899,  the  following  items  of  general  interest 
are  also  given ; 

Two  (2)  members  were  dropped  from  the  roll  during  the  year  for  non- 
payment of  dues;  two  (2)  are  delinquent  for  two  years,  and  twenty- 
eight  (28)  for  the  present  year,  while  eight  (8)  others,  a  much  larger 
number  than  usuail,  have  made  their  Fellowship  sure  by  commuting  for 
life. 

The  names  of  these  Fellows  so  commuting  by  the  cash  payment  of 
SlOO  each  are  Frank  R.  Van  Horn,  Theodore  G.  White,  Myron  L.  Fuller, 
A.  R.  Crook,  N.  F.  Drake,  A.  C.  Spencer,  William  Libbey,  and  Cleveland 
Abbe,  Jr. 
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No  permanent  investments  have  been  made  during  the  year,  owing  to 
the  high  price  of  all  desirable  securities,  the  Texas  Pacific  first  mortgage 
bonds,  which  were  purchased  last  year  at  less  than  par,  being  now  quoted 
at  115 ;  hence  the  surplus  funds  have  been  kept  with  the  Security  Trust 
Company  of  Rochester,  New  York,  where  the  Society  realizes  4  per  cent 
on  monthly  balances,  which  is  quite  as  much  interest  as  could  be  secured 
from  fii-st-class  securities  at  present  prices. 

The. Treasurer  will  continue  this  policy  until  there  is  some  change  in 
the  security  market,  unless  instructed  otherwise  by  Council. 

The  interest  item  of  $60.28  shows  the  income  from  this  source,  which 
added  to  8273,  the  amount  realized  from  the  invested  fund  of  $5,000, 
makes  $333.28,  a  very  good  addition  to  the  Society's  resources. 

The  detailed  financial  operations  of  the  treasury  may  be  read  in  the 
table  on  the  preceding  i)age. 

This  balance  for  the  year,  $3,030.02,  is  much  larger  than  usual  be- 
cause of  the  delay  in  the  publication  of  volume  10,  and  also  because  so 
many  Fellows  have  paid  life  commutations,  which,  for  reasons  already 
given,  have  not  yet  been  expended  for  permanent  investments. 

Respectfully  submitted. 

I.  C.  White, 

MoROANTOWN.  West  Va.,  December  22,  1899,  Treasurer. 

Editor's  Report 

To  the  Council  of  the  Geological  Society  of  Amenca  : 

It  is  to  be  regretted  that  the  final  material  for  volume  10  was  not 
forthcoming  in  time  to  enable  the  Editor  to  complete  the  Bulletin  and 
present  his  report  to  the  Council  at  the  usual  date  in  December.  This 
rei)ort,  which  is  made  at  each  winter  meeting,  is  necessarily  based  on 
the  published  volume.  Owing  to  the  delay  in  placing  material  in  the 
Editor's  hands,  volume  10  was  not  disposed  of  until  January  19,  1900, 
three  weeks  after  the  Council  meeting  at  w^hich  reports  are  submitted, 
hence  it  was  impossible  to  have  the  report  ready  at  the  proper  time.  A 
little  promptness  on  the  part  of  some  of  the  publishing  members  would 
have  avoided  this  undesirable  result.  The  Bulletin  could  have  been 
issued  well  within  the  publication  year,  and  the  persistent  effort  being 
made  by  the  officers  of  the  Society  to  secure  prompt  printing  of  papers, 
approved  as  it  is  by  the  Society  as  a  whole,  ought  to  have  the  hearty 
cooperation  of  individual  members. 

Volume  10  consists  of  534  pa<^es  of  text  and  xii  j)jiges'0f  preliminary 
matter  and  is  illustrated  with  54  plates  and  83  text  figures.  In  pages 
it  compares  favorably  with  any  volume  issued  except  numbers  2  and  5, 
while  in  illustrations,  both  ])late  and  text,  it  surpasses  them  all.     In  cost 
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it  wag  as  economic  as  is  consistent  with  the  high  standard  of  excellence 
adopted  by  the  Society. 

The  Editor  takes  pleasure  in  announcing  that  arrangements  have  been 
made  for  the  preparation  of  the  index  for  the  first  10  volumes  of  the 
Society's  publications.  It  will  be  printed  as  a  separate  brochure  and 
issued  some  time  during  the  coming  summer — probably  just  after  the 
completion  of  volume  11. 

Although  exact  classification  is  not  attempted,  the  following  copfipara- 
tive  table  presents  reasonably  good  analyses  of  the  contents  of  volumes 
7,  8,  9,  and  10: 

^..-.^  Vol.7.  Vol,  8.  Vol.9.  Vol.  10. 

A  real  geology 38  34  2  on 

Dynamic  geology. ....   3  24  85  24 

Economic  geology 4  14  16  28 

Glacial  geology 105  98  138  % 

Historical ..  K^ 

Memoirs  of  deceased  members /. 28  8  12  27 

Official  matter 56  69  54  72 

Paleontology 123  58  64  68 

Petrology 40  43  44  59 

Physiographic  geology 53  5  37 

Relation  of  geology  to  pedagogy .' . .  12 

Rock  decomposition 74  26  17  9 

Stratigraphic  geology 21  67  28  62 

Terminology 1  . .  . .  1 

Total 558  446  460  534 

The  cost  of  each  of  the  ten  volumes  thus  far  issued  by  the  Society  is 
as  follows : 


Vol.  1. 
(pp.  593  : 
pis.  13) 


Letter-pre8.s.... 
(llUNlrations ... 


Vol.  2.       Vol.  3.    I    Vol.  4. 

( pp.  6(i2 ;    ( pp.  541 ;    (pp.  4M ; 

pl8.  23),      pis.  lu)         *     ■ 


$1,473  77    $1,092  52  ,  $1,536  69 


291  85 


$1,705  f.2 


463  65  ;       383  35 


;2,466  17  I  $1,918  M 


Vol.  ru 
(pp. '-Ik'': 
plfi.  ICI)       pi!*.  JI 
$1,286  39    Jl.-WT  il 
173  25  I       1>  4i» 


$1,459  64    $-i,»«?5."' 


I  Vol.  0.  Vol  7. 
'(pp.  528:  I  (pp.  558; 
I      pU.  27)       pis.  24) 


Lettor-presR $1,341  93 

lllufltrtitionfl 221  02 


$1,403  0() 
200  24 


Vol.8.    I    Vol.9.       Vol.  !•>. 

(pp  446;    (pp  4frfJ;  .'.Pp.-'f; 

pl8.  51)1      pN.  2*0      pKM) 

$1,202  22      $1,176  m'   $!.:«*  >-' 

317  70  ,        231  91'        441  ''^ 


$1,503  55*,  $1,003  84* 


$1,579  98  I   $1,4»8  5.i    $1,M1  »1 


♦  The  actual  cost  to  the  Socit^ty  was  $77.50  les.s  for  volume  C,  and  $00.80  less  for  volume  7,  th.*** 
aroountB  being  paid  by  authors  for  illustrations  an<l  corroetion  charges. 


Respectfully  submitted. 
Washington,  D.  C,  January  20,  1900, 


Joseph  Stanley-Brown, 


Editor. 
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Librarian's  Rbfobt 


To  tlie  Council  of  the  Geological  Society  of  Ameriai  : 

The  list  of  additions  to  the  library  for  the  year  ending  March  1, 1899, 
was  made  out  and  forwarded  to  the  Secretary  during  that  month. 

The  Case  Library  building  adjoins  the  Cleveland  post-office.  The  land 
on  which  it  stands  is  desired  for  the  new  post-office  building  authorized 
by  the  last  Congress.  Condemnation  proceedings  have  passed  through 
the  court  and  the  award  is  made.  Acceptance  of  the  award  by  the  gov- 
ernment is  probable,  though  not  yet  announced  officially,  nor  is  it  known 
whether  the  library  trustees  will  appeal.  The  library  has  been  placed 
temporarily  in  an  unfortunate  position,  since  no  steps  providing  for  its 
future  housing  could  be  taken  until  it  was  known  whether  they  would 
be  necessary  or  not.  Possibly  the  library  may  be  for  a  time  temporarily 
without  quarters.  One  moving  and  possibly  two  are  in  prospect.  As 
there  is  so  little  call  for  books  on  the  part  of  the  Fellows  of  the  Society, 
the  Librarian  seems  the  only  individual  likely  to  suflTer  inconvenience. 

Some  160  volumes  have  been  bound  during  the  past  year,  and  another 
year  will  see  completed  all  the  binding  that  was  in  arrears  at  the  time 
of  the  present  Librarian's  appointment. 

The  expenses  of  the  library  during  the  past  year,  up  to  September  5, 
are  as  follows : 

To  express $2  00 

**  printing 1  45 

"  postage  and  postal  cards 4  40 

Total $7  85 

Respectfully  submitted. 

H.    P.    CUSHING, 

CiJSVELAND,  Ohio,  December  11,  1899,  Librarian, 

On  motion  of  the  Secretary,  it  was  voted  to  defer  consideration  of  the 
report  until  the  following  day. 

As  the  Auditing  Committee,  to  examine  the  accounts  of  the  Treasurer, 
the  Society  elected  Arthur  Keith  and  Edmund  0.  Hovey. 

ELECTION  OF  OFFICERS 

The  result  of  the  balloting  for  officers  for  1900,  as  canvassed  by  the 
Council,  was  announced  by  the  President  and  declared  elected  as 
follows : 

President  : 

George  M.  Dawson,  Ottawa,  Ont. 

LXXIV— BoLi..  G«OL.  Soc.  Am.,  Vol.  11,  1899 
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First  Vice-President: 
Charles  D.  Walcott,  Washington,  D.  C. 

Second  Vice-President: 
N.  H.  WiNCHELL,  Minneapolis,  Minn. 

Secretary : 
H.  L.  Fairchild,  Rochester,  N.  Y. 

TrecLSurer : 
I.  C.  White,  Morgantown,  W.  Va. 

Editor : 
J.  Stanley-Brown,  Washington,  D.  C. 

Librarian : 
H.  P.  Cushing,  Cleveland,  Ohio. 

Councillors : 

W.  B.  Clark,  Baltimore,  Md. 
A.  C.  Lawson,  Berkeley,  Cal. 

ELECTION  OF  FELLOWS 

The  result  of  the  balloting  for  Fellows,  as  canvassed  by  the  Council, 
was  announced  by  the  President,  and  the  following  persons  were  de- 
clared elected  Fellows  of  the  Society  : 

Irviko  Prbbcott  Bishop,  109  Norwood  avenue,  Buffalo,  New  York.    Profeasor  of 

Natural  Science,  State  Normal  and  Training  School. 
Emilio  Bohr,  Ph.  D.,  Calle  del  Paseo  Nuevo  no.  2,  Mexico,  D.  F.    Geologist  of  the 

Inatitnto  Geologico  de  Mexico. 
Arthur  Starr  Eaklb,  B.  S.,  Ph.  D.,  University  Museum.  Cambridge,  Massacha- 

setts.    Instructor  in  Mineralogy  and  Petrography,  Harvard  University. 
August  Frrdbrick  Fobrstr,  A.  B.,  A.  M.,  Ph.  D.,  417  Grand  avenue,  Dayton, 

Ohio.    Teacher  of  Science. 
John  Flbshkr  Newsom,  A.  B.,  A.  M.,  Stanford  University,  California.    Associate 

Professor  of  Metallurgy  and  Mining,  Stanford  University. 
Sahubl  Lkwis  Pbnfibi.d,  Ph.  B.,  M.  A.,  New  Haven,  Connecticut    Professor  of 

Mineralogy,  Sheffield  Scientific  School  of  Yale  University. 
Charlbs  Hrnry  Richardson,  A.  B.,  A.  M.,  Ph.  D.,  Hanover,  New  Hampshire. 

Instructor  in  Chemistry  and  Mineralogy,  Dartmouth  College. 
Arthur  Brown  Willmott,  B.  A.,  B.  Sc,  M.  A.,  Toronto,  Canada.     Professor  of 

Greology  and  Chemistry,  McMaster  University. 
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The  following  memoirs  of  deceased  Fellows  were  read  : 

MEMOIR  OP  OTBNIEL  CHARLES  MARSH* 
BY  CHARLBB  B.   BBECHBR 

Among  the  leading  men  of  science  in  America,  Professor  Othniel 
Charles  Marsh  was  unquestionably  one  of  the  best  known  and  had  one 
of  the  strongest  personalities.  The  world-wide  reputation  he  enjoyed, 
however,  is  not  altogether  attributable  to  the  particular  department  of 
research  in  which  he  stood  without  a  peer,  for,  added  to  his  attainments 
in  vertebrate  paleontology,  he  possessed  an  unusual  number  of  mental 
(]ualifications  in  other  lines,  as  well  as  marked  personal  characteristics, 
which  made  him  known  and  felt  where  his  science  could  never  reach. 
His  fame  will  undoubtedly  rest  on  his  work  among  the  fossil  vertebrates. 
Nevertheless,  his  energy  and  attainments  in  other  directions  were  suffi- 
cient to  have  made  for  him  a  permanent  record. 

The  nearness  of  the  perspective  at  the  present  time  renders  it  difficult 
properly  to  individualize  and  accord  the  true  rank  to  the  many  impor- 
tant discoveries  Marsh  has  made.  He  brought  forth  in  such  rapid  suc- 
cession so  many  astonishing  things  that  the  unexpected  became  the  rule. 
The  science  of  vertebrate  paleontology  could  not  assimilate  new  material 
80  fast,  and  it  will  be  years  before  the  true  significance  and  bearing  of 
much  that  he  has  done  will  be  understood.  The  constant  stream  of 
vertebrate  riches  which  from  1868  to  1899  flowed  into  the  Yale  Univer- 
sity Museum  from  the  Rocky  Mountain  region  had  a  similar  bewildering 
effect  on  Marsh,  for  it  was  impossible  for  him  to  do  more  than  seize  on 
what  appealed  to  him  as  the  most  salient.  The  work  of  the  hour  was 
to  him  of  prime  importance,  whether  it  was  for  the  determination  of  a 
new  order  of  mammals  or  a  new  cusp  on  a  tooth.  Still,  he  seems  to 
have  had  a  just  conception  of  relative  values,  for  it  will  be  found  that 
he  plucked  the  most  luscious  plums  from  the  paleontological  tree,  and 
left  chiefly  the  smaller  or  unripe  and  imperfect  fruit  untouched. 

Another  element  in  his  success  was  seen  in  the  improvement  he  made 
in  the  methods  of  collecting,  preserving,  and  developing  vertebrate  fos- 
sils, so  that  even  forms  long  known  only  from  fragmentary  remains  were 
represented  in  his  collections  by  almost  complete  specimens,  presenting 
nearly  the  same  degree  of  novelty  shown  in  forms  actually  new. 

As  a  collector.  Marsh  was  seen  at  his  best,  and  the  collections  he 
amassed  during  his  forty-five  years  and  more  of  activity  in  this  direc- 

•Abridged,  with  alterations,  from  the  account  published  in  the  American  Journal  of  Science, 
fourth  aeries,  vol.  vii,  June,  1899.  This  memoir  was  not  presented  at  the  meeting,  but  is  inserted 
here  in  its  place. 
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tion  form  a  lasting  monument  to  his  perseverance  and  foresight.  A 
person  with  means  and  inclination  may  be  supposed  to  have  the  neces- 
sary qualities  for  accomplishing  his  aims,  whether  they  are  first  editions, 
autographs,  or  fossils,  but  had  Marsh  possessed  no  further  qualifications 
than  these,  the  results  of  his  collecting  would  fall  far  short  of  what  he 
really  attained.  He  not  only  had  the  means  and  the  inclination,  but 
entered  every  field  of  acquisition  with  the  dominating  ambition  to  ob- 
tain everything  there  was  in  it,  and  leave  not  a  single  scrap  behind. 
Every  avenue  of  approach  was  made  use  of,  and  cost  was  often  a  second- 
ary consideration.  The  nine-tenths,  when  attained,  were  only  an  addi- 
tional stimulus  for  securing  the  remaining  one-tenth.  Of  course,  thi? 
ideal  of  completeness  was  often  impossible  of  accomplishment,  and  yet 
h  served  to  bring  to  the  Yale  University  Museum  collections  which  are 
unique  from  their  richness  and  extent. 

In  making  an  estimate  of  his  character,  it  must  not  be  forgotten  that 
he  developed  wholly  without  the  influence  of  family  and  home  ties, 
which  in  most  men  profoundly  mark  their  mature  life.  Self-reliance  is 
probably  the  strongest  trait  fostered  by  the  absence  of  immediate  family 
connections.  This  Marsh  possessed  to  an  extraordinary  degree,  and  it 
naturally  led  to  a  self-centering  of  his  life  and  ambitions.  Out  of  it 
came,  also,  an  absence  of  the  complete  exchange  of  confidence  which 
normally  exists  between  intimate  friends.  Even  where  perfect  confidence 
existed,  he  seldom  revealed  more  about  any  particular  matter  than 
seemed  to  him  necessary  or  than  the  circumstances  reall)'  demanded. 
As  a  friend,  he  was  kind,  loyal,  and  generous.  As  a  patron  of  science, 
he  has  seldom  been  equaled.  Honest  work  in  any  department  appealed 
to  him  strongly,  and  he  was  ever  ready  with  aid  and  counsel,  even  at 
the  expense  of  a  personal  sacrifice.  His  disposition  was  a  most  happy 
one,  and  he  was  always  keenly  appreciative  of  the  humorous  and  ludi- 
crous and  fond  of  relating  amusing  experiences  and  anecdotes.  The 
sunny  side  of  his  nature  was  nearly  always  uppermost,  and  the  consid- 
eration of  subjects  of  the  greatest  gravity  was  enlivened  by  constant 
sparkles  of  wit  from  his  exhaustless  store. 

He  was  normally  restive  under  restraint,  and  met  all  opposition  with 
power  and  fearlessness.  Having  practically  created  the  modern  science 
of  vertebrate  paleontology  in  America,  he  resented  any  encroacliment 
upon  the  particular  fields  of  research  in  which  he  was  engaged,  Thi?^ 
attitude  frequently  developed  feelings  of  hostility  in  other  investigator:?, 
and  often  alienated  him  from  co-workers  in  his  department  of  science. 
Nevertheless,  he  labored  faithfully  for  the  truth  as  revealed  in  his  work, 
and  was  ready  to  change  opinions  and  published  statements  whenever 
facts  seemed  to  warrant  it. 
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The  subject  of  the  present  sketch  was  born  near  Jjockport,  New  York, 
October  29,  1831.  His  parents  were  Caleb  and  Mary  Peabody  Marsh, 
formerly  of  Danvers  (now  Peabody),  Massachusetts.  His  early  educa- 
tion was  obtained  in  the  schools  of  Lockport  and  at  the  Wilson  Collegiate 
Institute,  Wilson,  New  York.  A  residence  in  a  region  rich  in  minerals 
and  fossils  is  apt  to  attract  the  attention  of  a  youth  possessing  healthy 
intelligence,  and  young  Marsh  soon  shared  his  vacation  time  between 
the  normal  pursuits  of  shooting  and  fishing  and  the  more  unusual  voca- 
tion of  collecting  minerals  and  fossils.  By  the  time  he  was  nineteen 
years  old  he  had  thus  acquired  the  taste  for  scientific  subjects  which  was 
destined  to  grow  and  dominate  the  remainder  of  his  life. 

In  1851  he  entered  Phillips  Academy,  at  Andover,  Massachusetts,  and 
continued  his  studies  there  until  graduation  in  1856.  He  immediately 
entered  the  freshman  class  in  Yale  College,  pursuing  the  regular  classical 
course,  and  receiving  the  degree  of  B.  A.  in  1860.  Graduate  courses  in 
the  natural  sciences  were  continued  in  the  Sheffield  Scientific  School 
during  the  two  years  following  (1861-'62).  The  long  summer  vacations 
from  1851  to  1862  were  occupied  in  collecting  minerals  and  fossils  from 
New  York,  New  England,  and  Nova  Scotia.  To  the  latter  region  he 
made  five  trips  during  this  interval,  and  obtained  much  valuable  ex- 
perience and  scientific  material.  On  his  second  visit  (1855)  he  found 
some  fossil  vertebrae  in  the  Coal  Measures  at  South  Joggins,  representing 
a  new  and  important  vertebrate  animal  {Eosaurua),  This  discovery 
finally  directed  his  studies  into  the  channel  which  became  his  life-work. 
At  this  time,  however,  his  interests  wefe  about  equally  divided  between 
invertebrate  paleontology  and  mineralogy,  and  it  is  worthy  of  note  that 
his  first  scientific  paper  was  published  in  the  American  Journal  of 
Science  in  1861,  under  the  title  **  The  gold  of  Nova  Scotia." 

The  description  of  EoBaums  did  not  appear  until  1862,  seven  years 
after  its  discovery.  Even  then  it  cannot  be  said  that  he  had  developed 
a  strong  liking  for  vertebrate  paleontology.  This  closes  the  account  of 
his  student  life  in  American  schools. 

The  next  three  years  were  passed  in  study  abroad,  in  the  universities 
of  Berlin,  Heidelberg,  and  Breslau.  He  attended  lectures  and  took 
s)>ectal  courses  with  H.  Rose,  G.  Rose,  Ehrenberg,  Peters,  R(Bmer,Grube, 
and  Goeppert.  The  vacations  were  occupied,  as  before,  by  geological 
excursions.  He  visited  the  most  important  localities  in  Europe,  and 
obtained  extensive  collections.  His  official  connection  with  Yale  Col- 
lege began  by  his  appointment,  in  1866,  to  the  chair  of  professor  of  pale- 
ontology. This  title  he  held  in  high  esteem,  as  it  was  the  first  established 
either  in  this  country  or  elsewhere. 

After  attending  the  meeting  of  the  American  Association  for  the  Ad- 
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vancement  of  Science  at  Chicago,  in  1868,  Marsh  went  as  far  west  as 
Nebraska  and  Wyoming,  along  the  route  of  the  Union  Pacific  railrotul, 
then  just  opened.  This  trip  gave  him  a  foretaste  of  the  inexhaustible 
fossil  riches  of  the  Rocky  Mountain  regions,  and  thenceforth  his  energies 
were  mainly  devoted  to  their  exploration.  Scientific  expeditions  to  the 
western  country  were  undertakings  of  considerable  magnitude  in  those 
early  days.  There  was  but  one  railroad  in  the  United  States  across  a 
region  measuring  fifteen  hundred  miles  square.  White  settlements  were 
sparse  and  remote.  Most  of  the  country  was  unmapped,  and  with  the 
exception  of  a  few  transcontinental  trails,  almost  the  whole  western  half 
of  the  continent,  save  the  regions  bordering  the  Pacific,  was  a  boundless 
expanse  of  unknown  arid  plains,  mountains,  and  valleys.  Added  to 
these  conditions  were  the  indigenous  tribes  of  war-loving  Indians,  hostile 
to  the  whites.  Under  such  circumstances  travel  was  slow,  difficult,  and 
dangerous.  It  was  necessary  to  have  an  escort  of  soldiers  and  guides, 
experienced  in  western  life  and  Indian  warfare. 

The  first  Yale  scientific  expedition  was  organized  and  engineered  by 
Marsh  in  1870.  The  party  consisted  of  thirteen  persons  besides  the 
officers  and  men  of  the  military  detachments  who  escorted  them  from 
various  military  posts  along  the  route.  They  explored  the  Pliocene  de- 
posits of  Nebraska  and  the  Miocene  of  northern  Colorado,  then  crossing 
into  Wyoming  they  made  collections  in  the  Eocene  (Bridger  basin),  and 
passing  south  discovered  a  new  Eocene  basin  in  Utah  (Uintah  basin). 
At  each  of  these  places  many  important  finds  were  made.  The  party 
next  visited  California,  where  minor  collections  were  obtained  from  the 
Pliocene.  Returning,  they  spent  some  time  exploring  the  Cretaceous 
beds  of  western  Kansas,  so  rich  in  the  remains  of  aquatic  reptiles,  and 
now  famous  for  having' furnished  the  first  toothed  birds  and  American 
toothless  flying  reptiles. 

The  second,  third,  and  fourth  Yale  scientific  expeditions  (1871, 1872, 
1873)  were  modeled  after  the  first.  New  regions  in  the  West  were  visited, 
and  extensive  series  of  remains  of  extinct  animals  were  obtained.  Coin- 
cident with  these  discoveries,  Marsh  published  frequent  scientific  papers 
describing  and  illustrating  the  more  important  forms,  and  paleontological 
literature  was  enriched  by  the  addition  of  more  startling  and  wonderful 
types  of  animal  life  than  had  been  hitherto  known  from  the  rest  of  the 
world. 

Owing  to  Indian  outbreaks  and  a  general  uneasiness  in  the  West,  no 
regular  expedition  was  organized  in  1875.  Late  in  the  fall,  however. 
Marsh  went  to  the  Badlands  of  Nebraska  and  Dakota  accompanied  by 
an  escort  from  Fort  Laramie  to  the  Red  Cloud  agency.  The  consent  of  the 
Indians  was  deemed  necessary  to  search  for  fossil  bones  in  their  country. 
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A  treaty  was  obtained  with  difficulty,  and  then  assistance  was  withheld. 
Nevertheless,  with  great  hardship  owing  to  extreme  cold,  the  party  suc- 
ceeded in  reaching  the  desired  region,  and  made  important  discoveries, 
among  which  numerous  remains  of  the  gigantic  Brontotherid^e  are  the 
most  noteworthy. 

The  rapid  settlement  and  development  of  the  West  rendered  it  no 
longer  necessary  to  fit  out  expensive  expeditions,  especially  as  many  of 
the  localities  were  easily  accessible  by  railroad.  Therefore,  after  1876, 
local  collectors  and  small  parties  were  employed  in  continuing  the  work 
of  collecting  fossils  so  successfully  begun  by  the  Yale  scientific  expedi- 
tions. Nearly  every  season,  however,  Marsh  visited  the  localities  where 
work  was  being  carried  on,  and  sometime  each  year  was  spent  in  recon- 
naissance for  new  fields  of  labor. 

Professor  Marsh's  life  was  remarkably  free  from  the  petty  annoyances 
of  poor  health  which  so  often  interfere  with  human  comfort  and  ambi- 
tions. In  the  midst  of  his  scientific  work  and  while  making  plans  for 
the  growth  of  the  museum,  he  was  suddenly  overtaken  by  the  malady 
which  resulted  in  his  death.  He  died  of  pneumonia,  on  March  18th, 
1899,  in  his  sixty-eighth  year,  after  an  illness  of  about  a  week.  His  work 
as  an  investigator  in  natural  science,  his  wonderful  scientific  collections, 
and  his  munificence  to  Yale  are  his  legacies  to  the  higher  education  of 
mankind. 

Although  Marsh  was  an  ardent  collector  in  archeology,  he  published 
very  little  on  this  subject,  and  his  paper  (1866)  on  an  ancient  sepulchral 
mound  near  Newark,  Ohio,  is  practically  the  only  one.  His  three  min- 
eralogical  papers,  published  between  1861  and  1867,  show  the  results  of 
considerable  labor  and  careful  investigation.  They  treat  of  the  gold  of 
Nova  Scotia,  a  zeolite  mineral  from  the  same  region,  and  a  catalogue  of 
the  mineral  localities  of  the  maritime  provinces  of  Canada. 

In  the  field  of  invertebrate  paleontology  he  likewise  was  an  indefat- 
igable accumulator  of  material,  though  after  1869  he  published  nothing 
in  this  department.  Two  papers  presented  some  annelids  considered  as 
new,  from  the  Jurassic  of  Germany.  Another  showed  the  origin  of  the 
double  lobe-lines  in  Ceratites.  His  papers  on  American  invertebrates  com- 
prised a  description  of  a  new  genus  of  fossil  sponge  (Brachiospongia),  a 
new  form  of  crustacean  trail  from  the  Potsdam  sandstone,  and  a  note  on 
color  markings  in  Endoceras.  He  also  showed  that  Palaeotrochis  and 
Lignilites  were  not  of  organic  origin,  though  the  contrary  had  been  pre- 
viously supposed. 

In  the  domain  of  geology  his  chief  interests  lay  in  the  formations  from 
which  he  secured  important  series  of  fossil  vertebrates.  Probably  his 
greatest  geological  discovery  was  the  Uinta  basin,  an  Eocene  deposit  of 
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the  eastern  Uinta  mountains.  It  was  first  visited  in  1870.  Having 
studied  most  of  the  Tertiary  lake  basins  in  the  Rocky  Mountain  r^on, 
he  gave,  in  1875,  a  synopsis  of  their  geological  features.  As  a  natural 
result  of  studying  geology  in  Germany,  he  was  much  impressed  with 
the  methods  of  marking  the  separate  horizons  by  means  of  some  char- 
acteristic fossil.  He  believed  the  vertebrates  were  the  most  sensitive 
time-markers,  and  therefore  endeavored  to  determine  and  limit  geolog- 
ical horizons  wholly  by  fossil  vertebrate  remains.  The  inherent  fault 
of  this  system  is  that  the  vertebrates  are  not  always  the  most  highly  dif- 
ferentiated and  specialized  types  in  any  given  fauna,  and  it  is  these 
qualities  alone  that  can  be  safely  employed  in  organic  chronometry. 
This  method  is  usuall}'  of  great  value  in  fresh-water  deposits  rich  in 
vertebrate  remains,  but  it  can  be  seldom  used  to  advantage  in  marine 
sediments  or  in  formations  containing  a  scanty  vertebrate  fauna.  Thus, 
while  the  name  Equus  beds  is  very  appropriate  for  a  horizon  in  the 
Pliocene,  on  account  of  the  abundance  of  remains  of  fossil  horses,  the 
same  cannot  be  said  of  the  term  Eosaurus  beds  as  an  equivalent  of  the 
entire  series  of  the  Coal  Measures,  especially  as  but  two  vertebne  of  this 
animal  have  ever  been  discovered.  Geological  facts  will  be  found  scat- 
tered through  many  of  his  publications  dealing  principally  with  fossil 
vertebrates.  One  of  the  latest  problems  to  interest  him  was  the  age  of 
the  series  of  variegated  clays  extending  from  Marthas  Vineyard  south 
along  the  Atlantic  coast  into  Maryland.  His  investigations  led  him  to 
refer  them  to  the  Jurassic,  a  formation  which  had  been  considered  as 
absent  in  eastern  North  America. 

There  yet  remains  for  consideration  the  real  work  of  his  life,  his  pub- 
lications on  the  fossil  vertebrates,  and  it  is  at  once  evident,  from  a  glance 
at  his  bibliography,  that  his  chief  researches  were  upon  the  reptiles, 
birds,  and  mammals.  There  are  three  papers  on  fossil  fishes,  contain- 
ing notices  of  several  new  forms,  but  no  real  research  in  this  class  was 
ever  undertaken  by  him.  The  amphibians  also  claimed  but  little  at- 
tention, and  his  observations  on  the  metamorphosis  of  the  recent  Siredon 
into  Amblystoma  and  two  brief  notices  of  amphibian  footprints  in  the 
Devonian  and  Carboniferous  comprise  the  whole. 

It  is  with  extreme  hesitation  and  a  sense  of  inadequacy  that  the 
writer  ventures  to  review,  even  in  the  briefest  and  most  superficial  man- 
ner, the  work  which  undoubtedly  constitutes  the  literary  essence  of  his 
life-work.  Future  investigators  alone  can  critically  estimate  the  great 
mass  of  facts  which  Marsh  brought  out  and  which  he  wove  into  the  de 
partments  of  fossil  reptiles,  birds,  and  mammals. 

His  most  comprehensive  work,  and  in  many  ways  the  most  masterly, 
is  the  address  delivered  before  the  American  Association  for  the  Ad- 
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vancement  of  Science,  at  Nashville,  in  1877.  In  this  paper,  entitled  the 
**  Introduction  and  succession  of  vertebrate  life  in  America,"  he  traced 
the  introduction  of  the  various  types  of  vertebrate  life  then  known  in 
America,  beginning  with  the  lowest  fishes  and  ending  with  man.  The 
amount  of  knowledge  on  the  lower  classes  of  vertebrates,  including  the 
reptiles,  was  then  too  meager  to  enable  him  to  give  more  than  occasional 
hints  as  to  their  phylogeny.  But  his  handling  of  the  Mammalia  showed 
the  clearest  insight  into  the  development  and  affinities  of  many  of  the 
important  types  and  marked  him  as  a  true  philosopher. 

A  glance  at  the  modern  text-books  of  geology  and  paleontology  re- 
veals how  much  America  has  done  for  the  fossil  vertebrates  in  the  three 
classes  of  reptiles,  birds,  and  mammals.  It  will  also  show  that  Marsh 
contributed  more  than  any  other  investigator  toward  the  prominence 
now  accorded  to  the  American  forms. 

Hie  work  on  the  Reptilia  is  not  equally  divided  among  the  various 
orders,  for  the  Dinosauria  claimed  his  attention  above  all  others.  To 
this  group  he  lent  his  best  efibrts,and  he  compassed  it  so  thoroughly  as 
to  be  its  sole  master.  It  seems  only  necessary  in  this  place  to  notice  the 
complete  restorations  he  made  of  some  of  these  remarkable  animals.  In 
this  list  are  included  Anchisnunia,  Brontosawnis^  Laosaurus,  Ceratoaaunia, 
C(implo8auru8y  StegosauruSy  Trlceratops,  and  Claosaurua.  It  must  be  re- 
membered that  nearly  all  these  animals  were  of  gigantic  stature,  some 
of  them  the  largest  land  animals  yet  known,  and  also  that  each  restora- 
tion represents  a  number  of  separate  investigations  on  the  structure  of 
the  skull,  the  liml>s,  the  vertebrae,  the  pelvis,  etcetera.  In  most  cases 
only  by  this  means  was  it  possible  to  bring  together  gradually,  part  by 
part,  until  the  sum  of  the  knowledge  warranted  a  complete  representa- 
tion of  the  skeleton.  The  material  of  many  of  the  genera  he  described 
is  still  in  these  various  stages  of  progress,  awaiting  new  additions  of 
portions  yet  unknown  in  order  to  form  a  finished  conception  of  the  entire 
animal.  His  extensive  report  on  the  Dinosaurs  of  North  America,  pub- 
lished in  1896,  gave  a  synopsis  of  what  he  had  accomplished  up  to  that 
time;  but  as  remarked  elsewhere  their  philosophical  treatment  he  had 
reserved  for  his  final  monographs. 

Probably  among  the  Reptilia  next  in  importance  to  his  work  on  the 
Dinosauria  is  that  on  the  Mosasaurs.  In  this  he  first  announced  the  dis- 
covery of  the  dermal  armor,  the  position  of  the  quadrate,  the  finding  of 
the  stapes,  the  columella,  the  hyoid,  the  sclerotic  plates,  the  quadrato- 
parietal  arch,  the  malar  arch,  the  transverse  bone,  the  pterygoids,  the 
pterotic  bone,  the  sternum,  the  anterior  limbs,  the  posterior  limbs,  the 
length  of  the  neck,  and  details  of  the  pelvic  region.  Thus  he  contributed 
a  knowledge  of  some  of  the  most  essential  characters  of  the  skeleton  in 
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this  group.  In  other  groups  of  aquatic  reptiles  he  also  brought  out  new 
genera  and  types  of  structure.  Prominent  among  these  may  be  mentioned 
Baptanodon,  a  toothless  ichthyosaurian.  Marsh  was  the  first  to  describe 
the  remains  of  fossil  serpents  in  the  western  Tertiary  deposits,  and  likewise 
the  first  to  discover  the  remains  of  flying  ceptiles  in  America.  The 
latter  were  of  unusually  large  size  and  remarkable  for  the  absence  of 
teeth. 

The  acquisition  of  a  unique  specimen  of  pterodactyl  from  the  litho- 
graphic slates  of  Bavaria  enabled  him  to  supply  the  long  sought  infor- 
mation regarding  the  wing  and  caudal  membranes.  Notices  of  a  number 
of  new  species  of  fossil  crocodiles,  lizards,  and  turtles  complete  this  survey 
of  his  work  on  the  Reptilia. 

Practically  most  of  the  present  knowledge  of  extinct  bird  life  in 
America  is  contained  in  Marsh's  publications,  which  include  descrip- 
tions of  numerous  species,  ranging  from  the  Jurassic  to  the  Post-Plio- 
cene. Unquestionably  the  one  discovery  which  is  always  foremost  in 
men  s  minds  in  a  consideration  of  his  work  is  the  determination  of  an 
extinct  order  of  birds  possessed  with  teeth.  The  study  of  the  dinosaurs 
and  toothed  birds  showed  that  one  by  one  characters  considered  as  avian 
were  likewise  present  in  reptiles,  and  that  many  reptilian  characters 
were  present  in  these  primitive  birds;  so  that  at  the  end  there  did  not 
seem  much  else  besides  feathers  to  distinguish  them.  Marshes  investi- 
gation of  fossil  birds  led  to  the  publication,  in  1880,  of  his  first  mono- 
graph, *'  Odontornithes :  a  monograph  on  the  extinct  toothed  birds  of 
North  America."  In  this  volume  he  carefully  figured  and  described 
all  the  known  types,  and  presented  complete  restoration  of  the  two 
leading  genera  Ilesperomis  and  Ichtkyonxis,  He  concluded  that  birds 
most  nearly  resemble  some  of  the  small  dinosaurs  from  the  American 
Jurassic,  and  that  both  classes  originated  at  least  as  far  back  as  the  Trias 
or  late  Paleozoic,  in  some  sauropsid  type. 

A  discovery  which  rivalled  that  of  the  toothed  birds,  although  not  so 
wholly  his,  was  the  genealogy  of  the  horse.  Huxley  and  Kovalevski 
traced  the  equine  branch  through  the  Pliocene  to  the  Upper  Miocene  in 
Europe,  but  the  true  and  remote  ancestry  remained  unsolved  until  the 
American  types  were  described  by  Marsh.  He  showed  that  a  primitive 
and  diminutive  polydactyl  horse  existed  in  the  Lower  Eocene,  and  that 
from  this  type,  by  gradual  and  progressive  change  through  successive 
horizons  of  the  Eocene,  Miocene,  and  Pliocene,  there  had  been  evolved 
all  the  intermediate  stages  leading  to  the  modern  horse. 

Next  in  importance  and  interest  should  be  noticed  the  series  of  papers 
culminating  in  the  monograph  of  the  Dinocerata  issued  in  1886  by  the 
United  States  Geological  Survey.     His  work  in  other  groups  of  mam- 
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mals  is  scattered  through  a  large  number  of  separate  papers,  and  con- 
tributions were  made  to  every  known  order.  The  Tillodontia  comprise 
one  of  the  most  remarkable  of  the  types.  Among  others  are  the  first 
remains  of  fossil  Primates,  Cheiroptera,  an^  Marsupialia,  known  from 
North  America.  The  Brontotheridse  and  Coryphodontia  received  con- 
siderable attention.  A  monograph  had  been  begun  on  the  former,  and 
restorations  of  a  typical  genus  of  each  were  published. 

One  general  conclusion  of  much  significance  was  the  outcome  of  his 
researches  on  the  mammals.  It  was  that  the  Tertiary  genera  possessed 
very  small  brains.  As  a  single  example,  Dinoceras  may  be  taken.  This 
animal  was  but  little  inferior  to  the  elephant  in  bulk,  but  its  brain 
capacity  was  not  more  than  one-eighth  that  of  existing  rhinoceroses. 

The  first  Mesozoic  mammal  in  America  was  described  by  Emmons,  in 
1857,  from  the  Triassic  of  North  Carolina.  Marsh,  by  his  extensive  dis- 
coveries, was  enabled  to  fill  up  the  gaps  to  the  Tertiary  with  many  genera 
and  species  from  the  western  Jurassic  and  Cretaceous.  Probably  nine- 
tenths  of  all  the  Mesozoic  mammals  known  in  the  world  were  described 
by  him,  and  while  these  remains  are  of  great  interest,  yet  from  their 
fragnientary  condition  they  are  not  of  the  highest  scientific  value,  be- 
cause little  is  known  beyond  the  jaws  and  a  few  limb  bones. 

In  closing  the  outline  of  the  discoveries  made  by  this  investigator, 
one  cannot  help  being  impressed  with  their  signal  brilliancy,  their  great 
number,  and  especially  by  their  unique  importance  in  the  field  of 
organic  evolution.  Were  all  other  evidence  lost  or  wanting,  the  law  of 
evolution  would  still  have  a  firm  foundation  in  incontrovertible  fact. 
The  study  of  variation  and  embryology  in  recent  animals  gives  hints  as 
to  the  truth,  but  Paleontology  alone  can  give  the  facts  of  descent. 
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In  the  absence  of  the  author  of  the  following  memoir  it  was  read  by 
Mr  W.  H.  Dall. 

MEMOIR  OF  OLIVER  MARCY 
BY   ALJA    K.    CROOK 

By  the  death  of  Oliver  Marcy  on  the  nineteenth  of  last  March  the  Geo- 
logical Society  of  America  lost  a  Fellow  who  though  but  slightly  known 
in  the  Society  may  be  numbered  among  its  most  worthy  members. 

The  scarcity  of  his  scientific  publications  and  the  fact  that  he  was  at 
the  time  of  his  death  a  man  full  of  years,  being  seventy-nine,  and  in 
recent  years  had  rarely  attended  the  meetings,  explain  his  limited  ac- 
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quaintance  among  the  younger  and  more  numerous  members  of  the 
Society.  The  duties  devolving  on  him  from  the  time  of  his  acceptance 
of  a  position  as  teacher  at  Wilbraham,  Massachusetts,  to  the  day  when 
he  closed  his  office  door  in  University  Hall  for  the  last  time  were  such 
as  to  leave  small  opportunity  for  investigation ;  and  the  results  of  the 
investigations  which  he  did  make  were  rarely  published,  because  of  his 
conviction  that  science  is  burdened  by  too  much  rushing  into  print- 
too  many  one-hundred-page  reports  of  a  one-page  fact — a  too  common 
custom  of  presenting  a  scientific  truth  in  the  same  manner  as  that  in  which 
Van  Clattercop  built  a  church.  His  tastes  and  ambitions  led  him  to 
study  rather  than  to  publication,  and  students,  colleagues,  and  friends 
who  came  in  contact  with  him  profited  by  his  studious  habits  and  hon- 
ored him  for  his  attainments. 

His  scholarly  proclivities  were  inherited,  both  sides  of  the  ancestral 
line  being  marked  by  men  of  literary  taste  and  culture.  Among  the 
Marcys  have  been  men  prominent  in  politics— a  high-sheriflf,  a  captain, 
a  general,  a  governor,  a  United  States  Senator,  a  member  of  the  Supreme 
Court  of  the  United  States,  a  Secretary  of  State — men  successful  in  buti- 
ness  and  in  the  professions — merchants,  doctors,  lawyera,  ministers,  col- 
lege professors  and  presidents,  and  explorers. 

Oliver  Marcy  was  born  at  Coleraine,  Massachusetts,  February  13, 1S20, 
and  died  at  Evanston,  Illinois,  March  19, 1899.  He  was  the  seventh  of 
nine  children  born  to  Thomas  Marcy.  His  father  died  when  the  lad 
was  eight  years  old.  His  mother  was  so  capable,  energetic,  and  dev(>te«l 
that  she  managed  to  rear  her  large  family  in  such  a  manner  that  it  be- 
came an  honor  to  her  and  a  blessing  to  the<;ommunity.  Of  the  sons, 
three  received  a  college  education;  and  later,  two  of  them  became  min- 
isters and  one  a  college  professor ;  and  of  the  three,  two  were  at  one  tin)e 
college  presidents. 

After  obtaining  a  common  school  education  in  his  native  town,  Oliver 
w'as  able  by  working  during  vacations  and  by  spending  some  interven- 
ing years  in  teaching  to  graduate  at  Wesleyan  Univei-sity  at  the  a^'e  of 
twenty-six  years.  The  following  year  he  married  Elizabeth  E.  Smith, 
of  Chatham,  a  woman  of  rare  qualities  of  mind  and  heart— a  true  com- 
panion through  their  long  married  life — a  lady  who  has  found  time  and 
strength  to  carry  on  a  great  work  among  the  poor  of  Chicago  and  to  whom 
the  Cliicago  Bohemian  Mission  will  long  be  a  monument. 

During  his  student  days  young  Marcy  chose  teaching  as  a  profession, 
and  the  first  position  that  came  to  him  after  graduation  was  an  instruc- 
torship  in  mathematics  at  Wilbraham  Academy.  After  a  year  or  two, 
in  addition  to  his  other  work,  a  class  in  geology  was  assignetl  to  him. 
although  he  had  had  little  previous  training  in  that  subject — a  custom 
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unfortunately  common  in  secondary  schoolfl  and  some  socalled  colleges 
even  today,  on  the  assumption  that  although  a  good  training  is  neces- 
sary for  teachers  of  philology  or  mathematics,  any  one  can  teach  natural 
science.  When  Doctor  Marcy  came  in  touch  with  geology  he  was  at- 
tracted by  it,  and  later  found  in  it  his  chief  interest. 

After  teaching  at  Wilbraham  for  sixteen  years  he  was  elected  to  a 
professorship  of  natural  science  in  Northwestern  University.  Condi- 
tions were  at  that  time  in  Evanston,  as  they  were  a  hundred  3'ears  ago 
in  Europe,  and  as  they  still  are  in  small  colleges  in  the  United  States, 
in  such  a  shape  that  one  man  had  to  deal  with  a  multitude  of  subjects. 
During  the  thirty-seven  years  in  which  Professor  Marcy  was  connected 
with  Northwestern  he  taught  natural  theology,  moral  science,  philosophy, 
logic,  mathematics,  chemistry,  physics,  botany,  zoology,  mineralogy,  and 
geology.  His  own  growth  and  development  were  contemporaneous  with 
that  of  the  university.  At  the  time  of  his  election  there  were  eight  in- 
structors and  thirty-one  students.  At  the  time  when  he  delivered  his 
last  lecture,  there  were  in  the  university  two  hundred  and  thirty  mem- 
bers of  the  faculty,  instructing  twenty-two  hundred  students,  besides  the 
forty  instructors  and  seven  hundred  students  in  the  academy  and  school 
of  oratory  that  are  conducted  under  the  auspices  of  the  university. 
Today  sixteen  men  are  employed  to  present  the  subjects  that  Doctor 
Marcy  represented. 

Twice  he*was  acting  president  of  the  university,  serving  the  first  time 
for  five  years  and  the  second  time  for  part  of  a  year.  On  the  first  occa- 
sion he  was  at  the  height  of  his  activity  and  influence  and  had  an 
unusual  hold  on  the  student  body. 

His  geological  work  was  begun  and  continued  under  unfavorable  con- 
ditions. His  college  had  done  little  for  him  in  the  subject.  Books  were 
few  and  costly.  The  many  attractive  and  finely  illustrated  text  books 
on  geology  that  are  accessible  to  every  student  now  were  wanting.  Many 
of  the  works  from  which  we  draw  inspiration  and  which  we  regard  as 
classics  today  had  not  been  written.  Mantell  had  not  yet  written  his 
''  Medals  of  Creation;"  Hugh  Miller's  "Testimony  of  the  Rocks"  did 
not  appear  till  1856,  and  '*  Old  Red  Sandstone  "  not  until  two  years  later. 
Dana  did  not  begin  to  bring  out  his  geologies  and  mineralogies  till  Marcy 
had  been  teaching  a  dozen  years.  Lyell's  "  Principles  of  Geology  "  had 
passed  through  several  editions,  but  seems  not  to  have  come  within 
Marcy's  reach,  so  that  his  early  knowledge  of  the  science  was  derived 
almost  wholly  from  Hitchcock's  "  Elementary  Geology  "  and  from  Buck- 
land's  "  Mineralogy  and  Geology,"  and  both  of  these  writers  were  at 
that  time  catastrophists. 

Materials  for  illustrating  geological  facts  were  even  more  difficult  of 
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access  than  literature  on  the  subject.  As  Wilbraham  had  no  museum, 
Marcy  was  accustomed  to  go  20  miles  to  Amherst  to  study  the  collec- 
tions; yet  in  spite  of  these  difficulties  he  became  a  line  scholar  in  geo- 
logical lines. 

At  the  time  of  his  election  Northwestern  had  no  museum.  An  im- 
portant part  of  his  life-work  consisted  in  building  up  a  museum.  During 
the  course  of  his  labors  he  classified  and  labeled  more  than  seventy-two 
thousand  zoological,  botanical,  archeological,  and  geological  specimens. 

Burdened  thus  with  the  duties  of  a  curator,  of  a  teacher  of  many 
subjects,  and  of  a  president,  he  found  little  time  for  research  and  publi- 
cation in  his  chosen  wo'rk ;  so  his  publications  fail  to  represent  his  acti\ity 
and  his  attainments.  He  wrote  numerous  articles  for  weekly  papers. 
About  sixty  of  these  have  come  under  my  notice,  and  shed  much  light 
on  his  line  of  thought,  the  nature  of  the  problems  he  had  to  meet,  and 
the  traits  of  his  character.  Many  of  the  articles  are  metaphysical  in 
nature,  showing  that  speculative  philosophy  had  strong  attractions  for 
him.  Many  of  them  discuss  the  place  of  natural  science  subjects  in  the 
college  curriculum,  advocating  for  them  a  more  important  position. 
Some  of  them  deal  with  travel  and  geology.  In  some  of  them  he  opposes 
'*  mechanical  evolution."  advocates  catastrophism  with  his  teacher  Buck- 
land,  and  believes  in  the  iceberg  theory  for  drift  deposits  and  glacial 
scratchings,  as  Lyell  at  one  time  did.  But  those  who  would  judge  Doctor 
Marcy  by  these  expressions  would  misrepresent  him,  for  they  are  but 
phases  in  the  history  of  his  geological  science  and  not  his  ultimate  posi- 
tion, and  his  students  and  those  intimate  with  him  know  that  he  did 
not  believe  in  cataclysm,  that  he  taught  the  commonly  accepted  ideas 
of  glaciation,  and  that  he  was  a  thorough  evolutionist.  This  revision  of 
theory  and  belief  was  made  at  an  age  when  most  people  cling  to  their 
conclusions  whether  the  facts  warrant  them  or  not,  and  was  possible  to 
him  because  of  his  singular  freedom  from  bigotry,  his  eminent  reason- 
ableness, fine  scientific  spirit,  and  truly  scholarly  habits.  These  qual- 
ities, together  with  his  diligence  as  a  student  and  the  strength  of  his 
memory,  enabled  him  to  become  not  only  a  well  informed  geologist,  hut 
in  truth  a  profound  scholar  in  the  science. 

The  only  geological  monograph  *  which  he  published  was  one  on  the 
fossils  of  the  Chicago  Niagara  Jimestone,  prepared  in  conjunction  with 
Alexander  Winchell,  and  presented  at  the  Boston  Society  of  Natural 
History  in  1865.  This  publication  was  a  satisfactory  paper  in  every 
wav. 


♦  Enumeration  of  foHsils  collected  in  the  Chicago  limoRtone  at  Chicago,  IIHnoiH,  with  descriptu't 
of  several  new  npecles.  Alexander  Winchell  and  Oliver  Marcy.  MemoirH  Benton  8oc.  Not.  HK. 
vol.  1, 1806. 
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Doctor  Marcy  8  influence  was  most  widely  felt  as  a  teacher.  At  one 
period  of  his  connection  with  the  university  nearly  every  student  in  the 
institution  took  work  with  him,  and  in  after  life  they  remembered  him 
with  warm  regard,  so  that  at  the  time  of  his  death  he  had  a  stronger  hold 
on  the  alumni  than  any  other  man  on  the  faculty. 

As  a  lecturer  he  was  interesting  in  manner  and  knew  how  to  arouse 
enthusiasm.  His  voice  was  strong  and  clear  and  his  style  deliberate  and 
positive.  He  was  approachable  to  students,  always  meeting  them  in  a 
frank,  cordial  manner  that  impressed  them  with  his  kindliness  of  spirit. 
He  was  not  critical  in  small  things,  but  had  a  broad  charity  that  drew 
men  to  him.  It  is  sometimes  said  that  he  had  little  sense  of  humor.  If 
that  be  the  fact,  he  often  used  the  little  that  he  did  possess.  In  geology 
each  student  was  required  to  make  a  collection  of  twenty  typical  rocks 
and  present  them  for  examination  at  the  close  of  the  course.  One  young 
man  inherited  his  from  a  predecessor  in  the  course  and  presented  it  to 
the  Doctor  for  examination.  Professor  Marcy  said,  "Yes,  Mr  S.,  I 
alwaj's  give  that  collection  a  grade  of  seventy  per  cent."  A  classical 
scholar  himself,  he  appreciated  the  humor  of  some  of  the  claims  of 
teachers  of  the  classics.  When  a  term  of  Greek  or  Latin  origin  was  em- 
ployed in  geology  he  would  say  **  Who  can  tell  the  meaning  of  that 
terra  ?  "  And  no  one  answering,  *'  Where  are  some  of  those  students  of 
the  classics?     Now  is  their  opportunity  !  " 

There  was  little  self-seeking  in  his  nature,  and  losing  himself  in  his 
work  and  in  the  interests  of  others  he  found  his  own  highest  good ;  for 
few  men  have  been  more  fortunate  in  receiving  all  through  life  the  re- 
spect and  love  due  them.  Many  honors  came  to  him.  He  was  a  mem- 
ber of  Phi  Beta  Kappa,  the  American  Association  for  the  Advancement 
of  Science,  a  Fellow  of  the  Geological  Society  of  America,  received  the 
degree  of  LL.  D.  from  Chicago  University  in  1873,  was  dean  of  the  Col- 
lege of  Liberal  Arts  of  Northwestern  University  for  tw.enty  years,  and 
twice  held  the  position  of  president.  A  fossil  oak  (Qiiercua  marcyana) 
and  a  hill  in  Massachusetts  are  named  in  his  honor.  Expressions  of 
appreciation  were  not  withheld  until  after  his  death.  He  was  con- 
stantly receiving  them,  ^nd  on  his  seventy -eighth  birthday  the  alumni 
presented  his  protrait  to  the  university.  The  occasion  was  an  impress- 
ive one.  The  beautiful  library-room,  adorned  with  the  university  royal 
purple  and  with  flowers  and  brilliant  with  electric  lights,  had  been  ar- 
ranged with  tables,  around  which  were  gathered  about  two  hundred 
guests.  The  white-haired,  fine-looking  gentleman  whose  birthday  was 
being  celebrated  sat  beside  the  president  of  the  university,  and  after 
several  speeches,  which  expressed  the  respect  and  love  of  the  students. 
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alumni,  friends,  and  acquaintances,  and  the  unveiling  of  the  portrait, 
received  an  ovation  such  as  rarely  comes  to  a  professor. 

His  death  called  forth  expressions  which  showed  the  breadth  of  his 
influence.  He  lies  buried  under  the  hemlocks  in  a  wild  and  picturesque 
ravine  on  "  Mount  Marcy,"  at  Wilbraham,  Massachusetts. 

Remarks  were  made  by  W.  H.  Dall,  W.  H.  Niles,  W.  North  Rice,  and 
by  the  President  in  testimony  of  the  high  character  and  attainments  of 
Doctor  Marcy  and  of  his  services  to  science,  especially  as  a  teacher. 

MEMOIR  OF  EDWARD  ORTON 
BY  O.   K.    GILBERT 

Edward  Orton,  ninth  president  of  our  Society,  was  born  at  Deposit, 
Delaware  county,  New  York,  March  9,1829.  His  father,  Samuel  G. 
Orton,  a  minister  of  the  Presbyterian  church,  was  of  New  England  stock, 
belonging  to  a  family  which  lived  for  several  generations  in  Connecticut 
His  mother's  maiden  name  was  Clara  Gregory.  He  was  twice  married : 
in  1855  to  Mary  M.  Jennings,  of  Franklin,  New  York;  in  1875  to  Anna 
D.  Torrey,of  Millbury,  Massachusetts.  He  died  at  his  home  in  Colum- 
bus, Ohio,  October  16,  1899,  having  rounded  out  the  allotted  span  of 
three  score  years  and  ten.  Charles,  Clara,  Edward,  and  Mary,  children 
of  his  first  marriage,  his  wife,  and  her  two  children,  I^uise  and  Samuel, 
survive  him.     His  son  Edward  succeeds  him  as  State  Geologist  of  Ohio. 

As  a  boy  he  lived  with  his  parents  in  a  rural  community  at  Jlipley, 
Chautauqua  county.  New  York,  becoming  intimately  acquainted  with 
farm  life  and  work.  He  was  fitted  for  college  mainly  by  his  father,  but 
spent  one  year  in  Westfield  Academy,  and  another  in  Fredonia  Academy. 
He  entered  Hamilton  College  as  a  sophomore,  and  was  graduated  at  the 
age  of  nineteen.  After  teaching  for  a  year  in  the  academy  at  Erie, 
Pennsylvania,  he  entered  the  Lane  Theological  Seminary  (1849),  but  he 
was  prevented  from  completing  the  course  by  the  temporary  disability 
of  his  eyes.  After  a  year  or  more  of  rest  and  out-of-door  life,  he  resumed 
teaching  in  the  Delaware  Institute  at  Franklin,  New  York,  where  he 
was  assigned  the  department  of  the  natural  sciences.  In  1852  he  re- 
turned to  student  life,  spending  six  months  in  the  Lawrence  Scientific 
School,  and  afterward  resuming  theological  studies  at  A  ndover  Seminar}'. 
He  was  then  ordained  to  the  Presbyterian  ministry  and  became  for  one 
year  the  pastor  of  a  church  in  Downsville,  New  York.  In  1836  he  wa« 
called  to  the  chair  of  natural  science  in  the  New  York  State  Nonnal 
School  at  Albany,  and  from  1859  to  1865  was  principal  of  the  Chester 
Academy  in  Orange  county.     He  was  then  called  to  Antioch  College 
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at  Yellow  Springs,  Ohio,  becoming  at  first  principal  of  the  preparatory 
department,  then  professor  of  natural  history,  and  finally,  in  1872,  presi- 
dent of  the  institution.  The  following  year  he  resigned  to  accept  the 
chair  of  geology  in  the  Ohio  Agricultural  and  Mechanical  College,  then  in 
process  of  organization  under  the  provisions  of  the  act  of  Congress  of 
1862.  Before  the  institution  was  opened  he  was  tendered  and  had  ac- 
cepted the  presidency,  and  he  filled  both  positions  for  eight  years.  This 
was  the  formative  period  of  the  institution  and  he  had  much  to  do  with 
the  shaping  of  its  policy.  It  grew  rapidly  and,  with  enlarging  scope, 
became  the  present  Ohio  State  University.  But  while  his  administrative 
work  gave  satisfaction  to  his  associates,  it  was  less  to  his  taste  than 
either  teaching  or  scientific  research,  and  he  gladly  relinquished  it  as 
soon  as  he  could  do  so  without  seeming  to  betray  a  trust.  He  resigned 
the  presidency  in  1881,  but  retained  the  chair  of  geology  during  the 
remainder  of  his  life.  His  work  as  an  investigator  in  geology  was 
carried  on  during  his  residence  in  Ohio,  and  could  command  only  such 
share  of  his  time  as  was  not  consumed  by  executive  and  professorial 
duties. 

For  thirty  years  he  served  the  state  of  Ohio,  first  as  assistant  geologist, 
and  later  as  state  geologist.  He  was  vice-president  of  the  American  Asso- 
ciation in  1886,  president  of  the  Geological  Society  in  1897,  and  president 
of  the  American  Association  at  the  time  of  his  death. 

This  brief  outline  of  Orton's  life,  dry  and  statistical  though  it  is,  reveals 
the  important  fact  that  his  dominant  activity,  beginning  in  the  field  of 
religious  instruction,  was  successively  transferred  to  secular  education 
and  geologic  research,  so  that  there  are  three  points  of  view  from  which 
his  career  might  appropriately  be  considered.  Our  interest  as  geologists 
naturally  centers  in  his  labors  and  influence  as  a  man  of  science,  but  it 
is  well  to  recognize  that  these  were  affected  in  important  ways  by  his 
earlier  and  associated  activities.  • 

In  a  sketch  of  his  life  which,  though  anonymous,  is  clearly  autobio- 
graphic, Orton  says  of  himself:  "  Finding  that  his  theological  creed  was 
giving  way  under  his  later  studies  [at  the  Lawrence  school],  he  sought 
to  avert  the  change  by  more  thorough  investigation  in  this  department, 
and  entered  Andover  Seminary  to  attend  for  a  year  Professor  Park's  lec- 
tures on  theology.  The  experiment  was  successful  to  the  extent  of  arrest- 
ing  the  change  in  his  views,  but  after  a  few  years  the  process  was  resumed 
and  ended  in  the  replacement  of  the  Calvinistic  creed,  in  which  he  had 
been  brought  up,  by  the  shorter  statements  of  Unitarianism.''* 

•  Historicftl  Collections  of  Ohio ;  Centennial  edition,  1889,  vol.  2,  p.  59.    In  the  compilation  of  my 
account  of  Orton's  early  life  I  have  drawn  freely  on  this  biography.— G.  K.  G. 
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This  change  of  belief  cost  him  not  only  loss  of  status  as  a  Presbyterian 
minister,  but  the  alienation  of  friends,  and  there  followed  a  period  of  such 
unhappy  remembrance  that  he  afterward  shrank  from  the  mention  of  it, 
even  to  the  members  of  his  family.  It  is  to  the  credit  of  advancing  civil- 
ization that  here  at  the  end  of  the  nineteenth  century  our  community 
finds  difficulty  in  realizing  how  hard  was  the  temporal  way  of  the  apos- 
tate even  at  the  century's  middle. 

On  leaving  the  Presbyterian  ministry  Orton  accepted  secular  teaching 
as  an  occupation,  but  adhered  to  religious  teaching  as  a  duty.  Living 
in  communities  where  there  were  few  Unitarians,  he  was  not  connected 
with  a  church  organization,  but  he  often  addressed  audiences  on  relig- 
ious and  ethical  topics,  and  during  his  connection  with  the  State  Univer- 
sity he  frequently  gave  a  Sunday  lecture  for  the  benefit  of  such  students 
as  were  not  connected  with  the  Columbus  churches.  This  practice  and 
the  spirit  which  actuated  it  doubtless  helped  to  keep  him  in  touch  with 
the  community  and  contributed  to  the  high  esteem  and  confidence  with 
which  he  was  regarded.  It  is  proper  to  add  that,  while  his  belief  in  the 
fundamental  doctrines  of  Christianity  survived  the  perils  sometimes 
attributed  to  scientific  training,  his  science  suflTered  nothing  from  theo- 
logic  bias.  His  writings  ascribe  the  phenomena  of  nature  to  natural 
causes,  and  his  hypotheses  seek  verification  by  appeal  to  visible  and 
tangible  facts. 

Of  his  work  as  an  educator  it  is  not  necessary  that  I  attempt  to  speak, 
because  it  has  already  been  treated  by  the  abler  pen  of  Doctor  Men  den- 
hall,*  who  was  for  years  his  associate.  It  contributed  to  his  success  a<s 
a  geologist  chiefly  by  making  him  master  of  the  art  of  presentation  alike 
from  the  platform  or  through  the  printed  page. 

Orton's  interest  in  geology  was  not  developed  until  early  manhood. 
His  first  work  appears  to  have  consisted  of  observation  and  collection 
carried  on  as  an  aid  to  teaching,  and  it  was  not  until  his  forty-first  year 
that  he  made  contribution  to  the  literature  of  the  science.  In  the  year 
1869  the  Second  Geological  Survey  of  Ohio  was  organized,  with  John  S. 
Newberry  as  State  Geologist  and  Edward  Orton  and  E.  B.  Andrews  as 
Assistant  Geologists.  Orton  was  at  that  time  professor  of  natural 
sciences  in  Antioch  College  and  did  not  relinquish  his  college  work. 
The  southwest  quarter  of  tlie  state,  called  the  third  district,  was  assigned 
him  as  his  field  of  survey,  and  an  assistant  was  given  him.  After  a  few 
seasons  of  active  field-work,  in  which  the  areal  geology  was  completed 

•  Ed  want  Orton,  ediioutor.  Bv  T.  C.  Mondenhall.  Addrew  read  at  Columbug,  Ohio,  NoTemNr 
26,  and  printed  by  tho  Ohio  State  l-niverHity  in  a  memorial  vohime.  Printed  also  in  Setencf,  t.»I. 
11,  liHK>,  pp.  (Ml.  A  liio^rsiphic  memoir  by  I.  C.  WJiite  ifl  published  in  the  American  Geolur'-'t 
(vol.  XXV,  IJMKi,  pp.  197-210),  and  one  by  J.  J.  St«"venson  in  the  Journal  of  Oeolony  (vol.  viii,  IS"', 
pp,  205-213). 
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and  reported  on  by  counties,  the  attention  of  the  principal  assistants 
was  given  to  various  special  topics.  Newberry,  who  had  been  divided 
in  residence  between  Ohio  and  New  York,  removed  altogether  from  Ohio, 
and  about  the  same  time  Orton's  field  of  college  work  was  removed  from 
Yellow  Springs  to  Columbus.  Votes  of  state  money,  except  for  publi- 
cation, had  practically  ceased,  and  it  remained  only  to  prepare  and 
print  the  topical  volumes  of  the  series  of  projected  reports.  The  edito- 
rial work  gradually  devolved  on  Orton.  He  also  continued  to  devote 
much  time  to  field-work,  and  he  came  to  conatitute  the  survey  in  fact 
some  years  before  Newberry  relinquished  nominal  control.  Meanwhile 
the  development  of  various  mineral  resources,  especially  the  fuels,  coal, 
gas,  and  oil,  created  a  popular  demand  for  more  geologic  work,  and  a 
third  geological  survey  was  finally  established  under  Orton  s  director- 
ship. In  1882  he  was  charged  by  the  legislature  with  the  completion 
of  delayed  reports  of  the  second  survey,  and  a  year  later  was  appointed 
State  Geologist  by  Governor  Foster.  The  new  organization,  restricting 
attention  to  the  geology  and  industries  of  useful  materials,  assumed  the 
character  of  a  continuous  economic  survey  and  has  been  maintained  to 
the  present  time. 

Orton 's  personal  contributions  to  the  geology  of  Ohio  began  with  the 
details  of  areal,  stratigraphic,  and  structural  geology  in  the  third  district. 
These  were  described  and  published  in  thirteen  county  reports  and  two 
reports  on  the  classification  and  distribution  of  strata.  His  data  on 
various  economic  materials,  accumulated  during  the  areal  survey,  were 
supplemented  by  visits  to  other  parts  of  the  state  and  were  generalized 
in  a  series  of  special  papers.  Iron  ores,  building  stones,  lime,  gypsum, 
cla3-8,  rock  waters,  and  coal  were  thus  treated,  the  discussion  of  coal 
being  elaborated  by  horizons  and  districts.  From  about  the  year  1884 
attention  was  largely  concentrated  on  natural  gas  and  oil,  and  as  to  these 
Orton  soon  became  a  recognized  expert.  In  addition  to  his  voluminous 
writings  on  this  subject  for  the  Ohio  reports,  he  made  a  number  of  con- 
tributions to  scientific  and  technical  journals,  and  his  researches  were 
carried  to  other  states.  Chiefly  for  the  purpose  of  verifying  a  general 
theory  of  the  relations  of  gas,  oil,  and  brine  in  subterranean  reservoirs, 
he  extended  the  investigation  of  the  natural  gas  fields  in  northwestern 
Ohio  so  as  to  include  the  cognate  fields  in  eastern  central  Indiana;  and 
he  was  called  by  the  officers  of  geological  surveys  in  Kentucky  and  New 
York  to  examine  and  report  on  gas  and  oil  fields. 

The  earlier  part  of  his  geologic  work  consisted  of  observation  and 
primary  generalization,  the  determination  and  record  of  local  phenomena 
and  their  arrangement  under  categories  already  established.  His  later 
work  was  largely  economic,  the  application  of  geologic  principles  and 
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local  geologic  knowledge  to  industrial  questions.  His  contributions  to 
theory  came  Itfte,  were  few  in  number,  and  were  broadly  founded  on 
the  facts  of  his  own  obserration.  He  never  entered  the  field  of  specu- 
lation. He  epitomized  in  a  single  career  the  fundamental  method  of 
science — first,  observation,  then  theory,  then  verification  through  re- 
newed observation,  and  finally  the  application  of  theory  to  particular 
cases  for  the  promotion  of  human  welfare — and  by  thus  exhibiting  pure 
and  applied  science  in  close  and  logical  association  he  gave  to  his  com- 
munity an  object  lesson  of  great  value. 

Beginning  life  as  a  preacher  and  never  ceasing  to  be  a  religious  in- 
structor, continuing  life  as  a  teacher  and  remaining  a  teacher  to  the 
end,  and  bearing  in  middle  life  an  important  administrative  trust,  he 
reserved  scant  time  for  research ;  yet  despite  these  limitations  he  be- 
came, in  fact  as  well  as  by  official  designation,  the  first  geologist  of  his 
state,  and  he  attained  the  foremost  rank  in  an  important  department  of 
theoretic  and  applied  geology.  Quiet  in  manner  and  retiring  in  dispo- 
sition, challenging  attention  by  no  brilliant  and  striking  theories,  refrain- 
ing from  the  discussions  of  the  more  general  problems  of  his  science, 
and  adhering  modestly  to  tliose  of  his  state  and  his  specialty,  he  was 
yet  so  appreciated  by  his  fellows  that  he  received  the  highest  honor  in 
the  gift  of  American  geologists  and  the  presidency  of  the  greatest  body 
of  American  scientists. 
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MEMOIR  OF  SIR  J.  WILLIAM  DA  WSON 
BY  FRANK  D.   ADAMS 

It  is  with  deep  regret  that  we  record  the  death  of  Sir  William  Dawson, 
which  took  place  at  Montreal  on  the  morning  of  November  19,  in  the 
eightieth  year  of  his  age.  In  him  Canada  loses  a  distinguished  geolo- 
gist and  naturalist,  as  well  as  one  who  was  intimately  identified  with 
educational  work  of  all  kinds,  but  more  especially  with  higher  education 
in  the  province  of  Quebec. 

Sir  John  William  Dawson,  having  been  born  at  Pictou  on  October  13, 
1820,  was  a  native  of  Nova  Scotia,  a  province  which  has  produced  more 
than  its  share  of  the  Canadians  who  have  risen  to  eminence  in  the  various 
walks  of  life.  His  father,  James  Dawson,  was  from  near  Aberdeen,  Scot- 
land, and  came  to  Nova  Scotia  to  fill  a  position  in  a  leading  business 
house  in  Pictou,  and  on  the  termination  of  his  engagement  began  busi- 
ness on  his  own  account,  becoming  in  the  course  of  time  one  of  the  chief 
ship-builders  in  that  part  of  Nova  Scotia.  James  Dawson  had  but  two 
children,  of  whom  Sir  William  was  the  elder.  The  younger  died  at  an 
early  age,  leaving  Sir  William  thus  the  sole  survivor  of  the  family. 
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Wliile  still  at  school  in  Pictou,  at  the  age  of  twelve  he  developed  a  love 
for  natural  science,  inherited  from  his  father,  and  made  large  collections 
of  fossil  plants  from  the  Nova  Sc6tia  Coal  Measures,  so  well  exposed 
about  his  native  place.  He  speaks  of  himself  at  that  time  as  being  a 
"moderately  diligent,  but  not  a  specially  brilliant  pupil."  On  leaving 
school  he  studied  at  Pictou  College  and  subsequently  at  the  University 
of  Edinburgh.  While  at  the  former  seat  of  learning,  at  the  age  of  six- 
teen, he  read  before  the  local  natural  history  society  his  first  paper, 
having  the  somewhat  ambitious  title  *'  On  the  structure  and  history  of 
the  earth." 

At  Edinburgh  he  studied  under  Jamieson,  Forbes,  and  Balfour,  as 
well  as  with  Alexander  Rose,  whom  he  refers  to  in  some  notes  and 
reminiscences  as  a  single-hearted  mineralogist  and  the  greatest  authority 
on  the  mineralogy  of  Scotland.  He  records  his  impression  of  the  Uni- 
versity of  Edinburgh  at  that  time  as  being  "  a  very  imperfect  school  of 
natural  science  in  comparison  with  our  modern  institutions,"  and  adds : 
"  Jamieson,  who  was  my  principal  teacher,  devoted  a  large  portion  of 
the  earlier  lectures  of  his  course  to  physiography,  and  the  rest  to  min- 
erals and  rocks,  but  I  was  surprised  to  find  how  little  even  some  of  the 
most  eminent  English  geologists  of  the  day  knew  of  mineralogy,  and  how 
uncertain  in  consequence  was  their  diagnosis  in  the  field  of  the  nature 
of  rock  masses." 

In  1841  he  met,  however,  two  men  with  whom  he  was  afterward  in- 
timately associated  in  his  work — Sir  Charles  Lyell,  who  more  than  any 
other  man  gave  form  to  modern  geological  science,  and  Sir  William 
Logan,  who  gave  the  first  great  impetus  to  the  study  of  the  older  rocks 
of  the  northern  half  of  the  North  American  continent  and  who  founded 
the  Geological  Survey  of  Canada. 

He  returned  to  Nova  Scotia  in  1847,  and  two  years  later  went  to  Halifax 
to  give  a  course  of  lectures  on  natural  history  subjects  in  connection  with 
Dalhousie  College,  and  organized  classes  for  practical  work  in  mineralogy 
and  paleontology.  These  were  attended  by  students,  citizens,  and  pupils 
of  higher  schools — a  foreshadowing  of  university  extension.  In  1850,  at 
the  age  of  30,  having  already  attracted  some  attention  by  the  publication 
of  a  number  of  papers,  reports,  and  lectures,  he  was  appointed  Super- 
intendent of  Education  for  Nova  Scotia.  His  work  in  connection  with 
this  position  obliged  him  to  travel  continually  through  all  parts  of  the 
province,  and  on  these  journeys  he  accumulated  that  immense  mass  of 
information  concerning  the  geology  and  mineral  resources  of  Nova 
Scotia  which  is  incorporated  in  his  largest  work — that  entitled  "Acadian 
Geology." 
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Sir  Charles  Lyell,  in  1841,  on  his  first  visit  to  America,  met  Sir  Wil- 
liam and  was  by  him  conducted  to  many  places  of  geological  interest  in 
Nova  Scotia,  and  on  his  subsequent  visit  in  1852  they  together  continued 
their  studies  in  Nova  Scotian  geology.  In  a  letter  to  Leonard  Homer, 
dated  September  12  of  this  year,  Lyell  writes: 

*'  My  companion,  J.  W.  Dawson,  is  continaally  referring  to  the  curious  botanical 
points  respecting  calamites,  endogenites,  and  other  coal  plants,  on  which  light  is 
thrown  by  certain  specimens  collected  by  him  at  Pictou.  He  told  me  that  the  root 
of  the  pond  lily  Nymphssa  odoraUi,  most  resembled  Stigmaria  in  the  regularity  of 
its  growth,  and  Doctor  Robb  showed  me  a  dried  specimen,  a  rhizoma,  which  being 
of  a  totally  different  family  and  therefore  not  strictly  like,  still  suggests  the  proba- 
bility of  the  Sti^maria  having  grown  in  slush  in  like  manner.'* 

And  in  another  part  of  the  same  letter  he,  referring  to  the  now  cele- 
brated Joggins  section  on  the  coast  of  Nova  Scotia,  says : 

*'  Dawson  and  I  set  to  work  and  measured  foot  by  foot  many  hundred  yards  of 
the  cliffs,  where  forests  of  erect  trees  and  calamites  most  abound.  It  was  hard 
work,  as  the  wind  one  day  was  stormy,  and  we  had  to  look  sharp  lest  the  rocking 
of  living  trees  just  ready  to  fall  from  the  top  of  the  undermined  cliff  should  cause 
some  of  the  old  fossil  ones  to  come  down  upon  us  by  the  nin.  But  I  never  enjoyed 
the  reading  of  a  marvelous  chapter  of  the  big  volume  more.  We  miseed  a  botan- 
ical aide- de  camp  much  when  we  came  to  the  top  and  bottoms  of  calamites  and  all 
sorts  of  strange  pranks  which  some  of  the  compressed  trees  played." 

In  1854  Forbes,  who  was  professor  of  geology  and  zoology  in  the 
University  of  Edinburgh,  died,  and  Lyell  wrote  to  Sir  William,  advising 
him  to  apply  for  the  chair,  promising  him  his  support  and  that  of  a  num- 
ber of  his  influential  friends,  while  Sir  William's  "Acadian  Geology," 
which  had  just  been  published  in  Edinburgh,  testified  to  his  abundant 
fitness  for  the  position.  He  was  about  to  set  sail  for  Scotland  to  prose- 
cute his  candidature  for  the  chair  when  he  received  word  that  the  place 
had  been  filled,  sooner  than  had  been  anticipated,  by  the  appointment 
of  a  zoologist  who  had  been  strongly  supported  by  the  medical  school 
of  the  university,  but,  by  a  strange  coincidence,  he  received,  almost  on 
the  very  day  that  he  was  to  sail  for  Scotland,  a  letter  offering  him  the 
principalship  of  McGill  University. 

This  institution,  founded  by  royal  charter  in  1821,  had  made  but  slow 
progress  in  its  earlier  years,  and  was  at  this  time,  through  litigation  and 
other  causes,  almost  in  a  state  of  collapse.  Sir  William,  then  Mr  Dawson, 
was  pointed  out  to  the  governors  of  the  college  by  Sir  Edmund  Head, 
then  Governor-General  of  Canada,  as  a  man  who,  if  his  services  could  be 
secured,  was  eminently  fitted  to  undertake  the  task  of  reconstructing  it. 

The  services  of  Mr  Dawson  were  accordingly  secured,  and  in  1855  he 
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assumed  the  principalship  of  McGill  University,  stipulating  at  the  same 
time  that  the  chair  of  natural  history  should  be  assigned  to  him. 

The  university  as  he  found  it  had  three  faculties  and  but  sixteen  pro- 
fessors, a  number  of  whom  gave  only  a  portion  of  their  time  to  univer* 
sity  work,  while  the  buildings  and  equipment  were  wretched.  When  it 
is  stated  that  the  university  has  now  one  hundred  and  twenty  pro- 
fessors and  instrucj^rs  of  various  grades  and  an  equipment  which  is  in 
all  departments  fairly  good  and  in  some  of  them  unsurpassed,  some 
idea  may  be  gained  of  the  progress  which  the  institution  made  under 
Sir  William  Dawson's  care  and  guidance. 

As  professor  of  natural  science  Sir  William  at  this  time  delivered 
courses  in  chemistry,  botany,  zoology,  and  geology,  and  natural  science 
became  a  very  favorite  study  among  the  students,  for  he  was  an  excellent 
lecturer,  and  his  enthusiasm  for  these  subjects  was  communicated  to  all 
who  heard  him.  As  years  went  on  the  instruction  in  the  first  three  of 
these  subjects  was  undertaken  by  others,  and  a  special  chair  of  geology 
and  paleontology  was  endowed  by  his  old  friend  and  co-worker.  Sir 
William  Logan,  a  chair  which  he  held  until  his  final  retirement.  His 
teaching  work,  however,  formed  but  a  small  part  of  his  daily  labors. 
In  addition  to  administering  the  afiairs  of  the  university,  he  was  first 
and  foremost  in  every  movement  to  further  education  in  the  province, 
and  no  educational  board  was  complete  without  him.  He  was  the 
honorary  president  of  the  Natural  History  Society  and  never  missed  a 
meeting  or  a  field  day,  and  also  identified  himself  closely  with  many 
other  societies  in  Montreal,  and  spared  neither  time  nor  labor  in  their 
behalf. 

Over  and  above  all  this  he  found  time  to  carry  out  original  work  along 
several  lines,  achieving  most  valuable  results,  as  well  as  to  write  many 
popular  works  on  science,  more  especially  in  its  relation  to  religion. 
Original  investigation  he  always  considered  to  be  one  of  the  chief  duties 
and  pleasures  of  a  man  of  science.  Most  of  his  work  along  these  lines 
was  done  during  his  summer  vacations ;  in  fact,  he  was  led  to  accept 
the  position  of  principal  in  McGill  chiefly  by  the  fact  that  the  vacations 
gave  him  leisure  and  opportunity  for  work  of  this  kind. 

He  was  always  very  progressive  in  his  ideas  relative  to  the  scope  and 
development  of  university  teaching,  and  was  continually  urging  the 
endowment  of  new  chairs  and  the  broadening  of  university  work,  so 
that  all  young  men  wishing  to  train  themselves  for  the  higher  walks  of 
life  might  in  the  university  find  their  needs  supplied.  As  an  instance 
of  this  it  may  be  mentioned  that  so  far  back  as  1858  he  succeeded  in 
establishing  a  school  of  civil  engineering,  which,  after  a  severe  struggle 
of  five  years,  succumbed  to  some  unfriendly  legislation,  only,  however 
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to  be  revived  by  him  in  1871,  and  developed  into  the  present  faculty  of 
applied  science  of  McGill  University,  with  its  numerous  departments, 
its  full  staff  of  instructors,  and  excellent  equipment.  Sir  William,  far- 
thermore,  never  hesitated,  if  funds  were  not  forthcoming  in  sufficient 
amount  for  these  purposes,  to  subscribe  large  sums  out  of  his  own  lim- 
ited private  means,  and  he  was  also  the  continual  helper  of  needy 
students  desiring  to  avail  themselves  of  the  university's  teaching. 

Sir  William  received  the  degree  of  M.  A.  from  the  University  of  Edin- 
burgh in  1856  and  the  degree  of  LL.  D.  from  the  same  university  in  1884. 
His  attainments  and  the  value  of  his  contributions  to  science  were  widely 
recognized,  and  he  was  elected  an  honorary  or  corresponding  member  of 
many  learned  societies  on  both  sides  of  the  Atlantic.  He  was  made  a 
Fellow  of  the  Geological  Society  of  Ix)ndon  in  1854  and  of  the  Royal 
Society  in  1862.  He  was  the  first  president  of  the  Royal  Society  of 
Canada,  and  has  occupied  the  same  position  in  the  Geological  Society 
of  America  and  in  both  the  American  and  British  Associations  for  the 
Advancement  of  Science. 

In  1883  he  attended  the  meeting  of  the  British  Association  for  the 
Advancement  of  Science,  at  Southport,  in  the  interest  of  the  meeting  in 
Montreal  in  the  following  year,  and  spent  the  ensuing  winter  in  Egypt 
and  Syria  studying  the  geology  of  those  countries,  more  especially  in 
its  relation  to  sacred  history,  and  accumulated  much  information  on 
this  subject,  which  appeared  later  in  his  book  entitled  "  Modern  Science 
in  Bible  Lands,'*  as  well  as  in  other  books  and  papers  which  he  pub- 
lished subsequently. 

He  took  an  active  part  in  the  organization  and  proceedings  of  the 
meeting  of  the  British  Association  for  the  Advancement  of  Science  in 
Montreal  in  1884,  on  the  occasion  of  which  he  received  the  honor  of 
knighthood. 

In  1893  Sir  William  was  seized  with  a  very  severe  attack  of  pneu- 
monia, and  his  health  became  so  seriously  impaired  that  he  was  obliged 
to  give  up  his  work  for  a  time  and  spend  the  winter  in  the  southern 
United  States.  His  strength,  however,  was  not  restored,  and  he  resigned 
his  position  as  principal  of  McGill  University  in  June,  1893,  and  retired 
from  active  work.  During  the  later  years  of  his  life  his  strength  grad- 
ually ebbed  away,  and  what  little  work  he  could  undertake  consisted 
in  arranging  his  collections  and  working  on  some  unfinished  papers. 
Several  of  these  were  published  in  1894  and  1895 ;  but  the  years  of  quiet 
labor  in  his  favorite  pursuits  to  which  he  looked  forward  at  this  time 
were  cut  short  by  a  series  of  sharp  attacks,  culminating  in  partial  paral- 
ysis, which  forbade  further  effort.  He  passed  away  on  the  19th  of 
November  peacefully  and  without  pain. 
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Lady  Dawson,  with  three  sons  and  two  daughters,  survive  him.  His 
eldest  son.  Doctor  George  M.  Dawson,  the  present  director  of  the  Geo- 
logical Survey  of  Canada,  has  inherited  his  father's  taste  for  geological 
studies  and  has  achieved  wide  distinction  in  the  world  of  science. 

Sir  William's  first  original  contribution  to  science  was  a  paper  read 
before  the  Wernerian  Society  of  Edinburgh  in  1841  on  a  species  of  field 
mouse  found  in  Nova  Scotia.  From  that  time  onward  he  was  a  con- 
tinuous contributor  to  scientific  journals  and  to  the  publications  of 
various  learned  societies.  His  papers  were  very  numerous  and  covered 
a  wide  range  of  subjects  in  the  domain  of  natural  history.  The  most 
important  work  of  his  earlier  years  was  an  extended  study  of  the  geol- 
ogy of  the  eastern  maritime  provinces  of  the  Dominion  of  Canada.  His 
results  are  embodied  in  his  "Acadian  Geology,''  already  mentioned.  It 
is  a  volume  of  nearly  1000  pages,  is  accompanied  by  a  colored  geological 
map  of  Nova  Scotia,  and  has  passed  through  four  editions.  In  writing 
to  Sir  William  in  1868  Sir  Charles  Lyell  says  of  this  work : 

"  I  have  been  reading  it  steadily  and  with  increased  pleasure  and  profit.  It  is 
so  full  of  original  observations  and  sound  theoretical  views  that  it  must,  I  think, 
make  its  way,  and  will  certainly  be  highly  prized  by  the  more  advanced  scientific 
readers." 

It  is  the  most  complete  account  which  he  have  of  the  geology  of  Nova 
Scotia,  New  Brunswick,  and  Prince  Edward  island,  although  since  it 
appeared  large  portions  of  these  provinces  have  been  mapped  in  detail 
by  the  Geological  Survey  of  Canada  and  Sir  William's  conclusions  mod- 
ified in  some  particulars.  In  carrying  out  this  work  Sir  William  paid 
especial  attention  to  the  paleontology  of  the  Carboniferous  system  and 
to  the  whole  question  of  the  nature  and  mode  of  accumulation  of  coal. 
He  subsequently  studied  the  paleontology  of  the  Devonian  and  Upper 
Silurian  systems  of  Canada,  discovering  many  new  and  important  forms 
of  plant  life. 

In  1884  he  began  the  study  of  the  Cretaceous  and  Tertiary  fossil  plants 
of  western  Canada,  and  published  the  first  of  a  series  of  papers  on  the 
successive  floras  from  the  Lower  Cretaceous  onward,  which  appeared  in 
the  Transactions  of  the  Royal  Society  of  Canada.  He  also  contributed 
a  volume,  entitled  *'  The  Geological  History  of  Plants,"  to  Appleton's 
International  Scientific  Series.  In  1863  he  published  his  ^'Air  breathers 
of  the  Coal  period,"  in  which  were  collected  the  results  of  many  years' 
study  in  the  fossil  batrachians  and  the  land  animals  of  the  Coal  Meas^ 
ures  of  Nova  Scotia.  The  earliest  known  remains  of  Microsauria  were 
then  discovered  by  him  in  the  interior  of  decayed  tree  stumps  in  the 
Coal  Measures  of  South  Joggins.    The  results  of  his  later  studies  in 
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these  creatures  were  embodied  in  a  series  of  subsequent  papers  which 
appeared  from  time  to  time. 

On  taking  up  his  residence  in  Montreal  his  attention  was  attracted  to 
the  remarkable  development  of  Pleistocene  deposits  exposed  in  the 
vicinity  of  the  city,  and  he  undertook  a  detailed  study  of  them,  and 
especially  of  the  remarkably  rich  fossil  fauna  which  they  contain.  He 
also  studied  subsequently  the  Pleistocene  deposits  of  the  lower  Saiut 
Lawrence  river  and  instituted  comparisons  between  them  and  the  present 
fauna  of  the  gulf  of  Saint  Lawrence  and  of  the  Labrador  coast. 

He  was  led  by  these  studies  to  believe  that  the  deposits  in  question 
had  been  accumulated  largely  through  the  action  of  sea-borne  ice,  and 
being  anxious  to  study  the  evidence  on  which  the  continental  geologisto 
had  based  their  views  of  the  high  efficiency  of  land  ic6  as  an  eroding; 
agent,  he  visited  Switzerland  in  1865  and  there  studied  the  phenomena 
of  glacial  action.  By  these  studies  he  was  led  to  attribute  much  less 
importance  to  land  ice  as  an  eroding  agent  than  was  commonly  assigned 
to  it.  "  I  was  also  led  to  believe,"  he  wrote  shortly  before  his  death, 
"  that  while  the  carrying  power  of  a  glacier  is  undoubtedly  great,  it  is 
altogether  inferior  to  that  of  sea-borne  ice,  whether  in  the  form  of  ice- 
fields, grinding  on  the  shores,  or  of  icebergs,  and  these  views,  arrived  at 
and  published  in  1865,  I  have  ever  since  consistently  maintained.'' 

The  results  of  his  studies  on  the  Canadian  Pleistocene  appeared  in  a 
series  of  papers  as  the  work  progressed,  and  were  finally  embodied  in 
a  volume  entitled  "  The  Canadian  Ice  Age,"  which  was  issued  in  1893 
as  one  of  the  publications  of  the  Peter  Red  path  Museum  of  McGill  Uni- 
versity. This  is  one  of  the  most  important  contributions  to  the  paleon- 
tology of  the  Pleistocene  which  has  hitherto  appeared. 

As  Sir  William  was  always  much  more  interested  in  the  history  of  life 
than  in  any  of  the  inorganic  aspects  of  the  science  of  geology,  he  consid- 
ered one  of  his  most  important  contributions  to  scientific  knowledge  to 
be  the  discovery  of  Eozoon  canadenae.  The  true  character  of  this  remark- 
able object,  concerning  which  there  has  been  so  much  discussion,  can 
hardly  be  considered  even  yet  as  definitely  settled.  Its  resemblance 
microscopically  to  certain  organic  forms  is  so  rem&rkable  that  some  of 
the  most  experienced  observers  have  accepted  it  as  of  organic  origin. 
Its  field  relations,  however,  leave  but  little  doubt  that  it  is  inorganic. 

The  literature  of  this  subject,  which  includes  many  papers  by  Sir 
William,  is  quite  voluminous,  but  the  chief  facts  are  summed  up  in  his 
book  entitled  **  The  Dawn  of  Life,"  which  appeared  in  1875. 

Sir  William  was  also  a  prolific  writer  of  popular  works  on  various 
geological  topics.  Among  these  may  be  mentioned  his  "  Story  of  the 
earth  and  man,"  his  '*  Fossil  men  and  their  modern  representatives,'* 
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his  "  Meeting  place  of  geology  and  history,"  and  his  "  Modern  science 
in  Bible  lands."  These  books,  all  written  in  a  very  entertaining  style* 
had  a  wide  circle  of  readers,  and  many  of  them  passed  through  several 
editions. 

Other  volumes  from  his  pen,  as  well  as  many  papers  contributed  to 
various  religious  publications,  treated  of  the  relation  of  science  and  reli- 
gion. One  of  the  earliest  of  these  was  entitled  "  Archaia,"  and  dealt  with 
the  relations  of  historical  geology  to  the  Mosaic  account  of  the  creation. 
In  others  he  considered  the  relation  of  the  evolutionary  hypothesis  to 
religious  thought. 

Sir  William  was  a  Presbyterian  of  the  old  school  and  strongly  opposed 
to  all  theories  of  the  evolution  of  man  from  brute  ancestors,  nor  would 
he  allow  anything  more  than  a  very  moderate  antiquity  for  the  species. 

The  study  of  geology,  too,  he  would  have  emancipated  from  "  that 
materialistic  infidelity  which  by  robbing  nature  of  the  spiritual  element 
and  of  its  presiding  divinity  makes  science  dry,  barren,  and  repulsive 
and  diminishes  its  educational  value." 

These  works  on  the  relation  of  science  and  religion,  while  they  un- 
doubtedly nlet  a  popular  need,  have  but  a  transitory  value,  and  they 
are  not  the.  works  by  which  Sir  William  Dawson  will  be  remembered. 
His  reputation  is  founded  on  the  great  contributions  to  our  permanent 
stock  of  knowledge  which  he  has  made  and  which  are  embodied  in  his 
works  on  pure  science,  representing  achievements  of  which  any  man 
might  well  be  proud.  His  name  has  been  perpetuated  in  connection 
with  the  geological  department  of  his  university  by  the  establishment  of 
a  second  chair  in  geology,  to  be  known  as  the  Dawson  chair,  which  has 
just  been  endowed  in  his  memory  by  Sir  William  Macdonald. 

Sir  William  was  a  man  of  quiet  geniality,  gentle  and  even  deferential 
in  manner,  but  decided  in  opinion  and  firm  in  action.  The  pre-eminent 
note  of  his  character  was  sincerity  and  singleness  of  purpose.  His  loss 
will  be  felt  by  all  who  knew  him,  but  especially  by  the  members  of  the 
university  with  which  he  was  so  long  connected. 
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let  edition,  zii  pp.  and  388  pp.,  1855  (illustrations  and  map\  Edinburgh,  Lon- 
don, and  Pictou,  N.  S. 

Notice  of  the  discovery  of  a  reptilian  skull  in  the  coal  of  Pictou.  ( Read  November 
1,  1854.)     Quart.  Jour.  Oeol.  Soc.,  vol.  11,  pp.  8.  9,  London.     (Issued  1855.) 

On  a  modern  submerged  forest  at^Fort  Lawrence,  Nova  Scotia:  Ibid.,  1855,  pp. 
119-122,  London. 

1856. 

On  the  parallelism  of  the  rock  formations  of  Nova  Scotia  with  those  of  other  parts 
6f  America:  Proc.  Am.  Assoc.  Adv.  Sci.,  part2,  pp.  18-25  (Albany,  1856).  (Pub- 
lished 1857.) 

Remarks  on  a  specimen  of  fossil  wood  from  the  Devonian  rocks  (Gasp4  sandstones) 
of  Gasp^,  Canada  East:  Ibid.,  part  2.  pp.  174-176. 

1857. 

On  the  varieties  and  mode  of  preservation  of  the  fossils  known  as  Sternbergifie : 
Proe.  Am.  Assoc.  Adv.  Sci.,  1857,  part  2,  pp.  64-74;  Can.  Jour.,  2,  1857,  pp. 
476-479,  Toronto ;  Can.  Nat.  and  Geol,  vol.  2,  no.  4,  September,  1857,  pp.  299-306, 
Montreal. 

On  the  newer  Pliocene  fossils  of  the  St.  I^awrence  valley:  Proc.  Am.  Assoc.  Adv- 
Sci.,  1857,  part  2,  pp.  74,  75;  see  also  review  in  Can.  Nat.  and  Oeol.,  vol.  2,  no. 
4,  pp.  279,  280,  Montreal. 

On  the  geological  structure  and  mineral  deposits  of  the  promontory  of  Maimanse, 
Lake  Superior:  Can.  Nat.  and  Oeol.,  March,  1857,  vol.  2,  no.  1,  pp.  1-12,  Mon- 
treal. 

LXXIX— Bull.  Giol.  Boo.  Am.,  Vol.  11,  1899 
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The  testimony  of  the  rocks,  by  Hagh  Miller:  Ibid,  (review),  May,  1857,  vol.2, 
no.  2,  pp.  81-92,  Montreal. 

Recent  geological  diecoveriee :  Ibid.,  vol.  2,  no.  3,  pp.  188-195.  (Review  of 
suppl.  to  5th  ed.,  Lyell's  Manual  of  Geology,  London,  1857.)  July,  1857, 
Montreal.  • 

On  the  newer  Pliocene  and  post-Pliocene  deposits  of  the  vicinity  of  Montreal,  with 
notices  of  fossils  recently  discovered  in  them:  Ibid.,  December,  1857,  vol.  2, 
no.  6,  pp.  401-426,  Montreal.     (Issued  as  separate,  28  pp.,  1858,  Montreal.) 

Further  gleanings  from  the  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  in  Montreal,  art  32:  i6tcf.,*vol.  2,  September,  1857,  pp.  355- 
859,  Montreal. 

1858. 

Things  to  be  observed  in  Canada,  and  especially  in  Montreal  and  its  vicinity: 

Ibid.,  vol.  3,  1858,  pp.  1-12,  Montreal. 
Beport  of  the  Geological  Survey  of  Canada  (review) :  Ibid.,  vol.  3,  pp.  32-39, 81-96, 

Montreal. 
Permian  fossils  in  Kansas  and  elsewhere  in  America:  Ibid.,  February,  1858,  vol.  3, 

no.  1,  p%  80,  Montreal. 
Agassiz's  contributions  to  the  natural  history  of  the  United  States,  vols.  1  and  2t 

Boston:  Ibid.,  June,  1858,  vol.  3,  no.  3,  pp.  201-212,  Montreal.     (Condoded 

in)  Ibid.,  August,  1858,  vol.  3,  no.  4,  pp.  241-260,  Montreal. 
Coal  in  Canada.    The  Bowman ville  discovery.    Ibid.,  June,  1858,  vol.  3,  no.  3, 

pp.  212-223,  Montreal. 
A  week  in  Gasp^:  Ibid.,  1858,  vol.  3,  pp.  321-331,  Montreal. 

1859. 

On  fossil  plants  from  the  Devonian  rocks  of  Canada:  Quart.  Jour.  Geol.  Soc.,  vol. 
15,  1859,  pp.  477-488,  London. 

On  the  lower  Coal  Measures  as  developed  in  British  America  (1858) :  Ibid.,  vol.  15, 
1859,  pp.  62-76,  London ;  Can.  Nai.  and  Qeol,  vol.  4,  1859,  pp.  303-305,  Mon- 
treal. 

On  the  vegetable  structures  in  coal :  Quart.  Jour.  Qeol.  Soc.,  vol.  15,  1859,  pp.  626- 
641;  Can.  Jour.,  vol.  5,  1S60,  pp.  305-307,  Toronto. 

Additional  notes  on  the  post-Pliocene  deposits  of  the  St  Lawrence  valley :  Can. 
Nat.  and  Geol,  1859,  vol.  4,  no.  1,  pp.  23-39,  Montreal. 

On  the  microscopic  structure  of  some  Canadian  limestones:  Ibid.,  vol.  4, 1859,  PP- 
161-169,  Montreal. 

Geological  Survey  of  Canada.  Report  of  Progress  for  1857  (review):  Ibid.,  vol 
4,  1859,  pp.  62-69,  Montreal. 

Geological  Survey  of  Onada,  Decades  1  and  4  (reviewj :  Ibid.,  vol.  4, 1850,  pp. 
220-228,  Montreal. 

Becent  researches  in  the  Devonian  and  Carboniferous  flora  of  British  America: 
Proc.  Am.  Assoc.  Adv.  Sci.,  1859.  pp.  308-310;  Can.  Not.  and  Gtol.,  vol.4, 1S59, 
pp.  297,  298,  Montreal. 
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Poet-Tertiftry  of  the  St.  Lawrence  valley :  SiUiman'8  Journal,  vol.  27, 1869,  pp.  434- 

437,  New  Haven. 
Address  by  the  President  (Principal  Dawson,  at  the)  Inauguration  of  the  new 

buildings  of  the  Natural  History  Society,  Cathcart  street,  Montreal :  Can,  Nai, 

and  Geol.,  vol.  4,  1859,  no.  2,  pp.  142-144,  Montreal. 
On  the  vegetable  structures  in  coal :  Quart.  Jour.  OeoL  Soc.,  February,  1859,  vol.  15, 

pp.  626^-641  (with  plates  17,  18,  19,  20),  London. 

1860. 

On  the  foflsil  plants  of  the  Devonian  rocks  of  Canada :  Can,  NaJt,  and  Qeol.^  vol.  5, 
1860,  pp.  1-14,  Montreal. 

Archaia,  or  studies  of  the  cosmogony  and  natural  history  of  the  Hebrew  scriptures: 
400  pp.,  Montreal  and  London. 

On  a  terrestrial  mollusk,  a  Chilognathous  myriapod,  and  8om6  new  species  of  rep- 
tiles from  tiie  Coal  Formation  of  Nova  Scotia:  Quart,  Jour.  Geol.  Soc.,  vol.  16, 
1860,  pp.  268-277,  London.  Abstract  of  paper:  Can,  Nat,  and  Geol.,  June, 
1860,  vol.  5,  pp.  222,  223,  Montreal. 

Review  of  '*  Darwin  on  the  Origin  of  Species  by  means  of  Natural  Selection:'' 
Ibid.,  February,  1860,  vol.  5,  pp.  100-120,  Montreal. 

On  the  Silurian  and  Devonian  rocks  of  Nova  Scotia:  Ibid.,  vol.  5,  pp.  132-143, 
Montreal.     (Issued  as  separate  pamphlet,  28  pp.) 

Notice  of  Tertiary  fossils  from  Labrador,  Maine,  etc.,  and  remarks  on  the  climate 
of  Canada,  in  the  newer  Pliocene  or  Pleistocene  period:  Ibid.,  June,  1860, 
vol.  5,  pp.  188-^00,  Montreal. 

Professor  Hall's  Report  on  the  Geology  of  Iowa,  vol.  1 ,  parts  1  and  2  (review) : 
Ibid,,  June,  1860,  vol.  5,  pp.  213-215,  Montreal. 

Paleontological  note  by  Dawson  in  paper  by  Rev.  D.  Honeyman  on  new  localities 
of  fossil iferous  Silurian  rocks  in  eastern  Nova  Scotia:  Ibid,,  August,  1860y 
vol.  5,  pp.  297-299  (printed  in  error  197-199),  Montreal. 

Notes  on  the  Coal  Fields  of  Pictou,  by  Henry  Poole :  Ibid.,  August,  1860,  vol.  6,  pp. 
285.  286,  and  291-293  (printed  in  error  192,  193),  Montreal.  (Paleontological 
and  other  notes  by  J.  W.  D.  at  pages  indicated.) 

Notes  on  the  earthquake  of  October,  1860:  Ibid,,  vol.  5,  1860,  pp.  363-372,  Mon- 
treal. 

On  an  nndescribed  fossil  fern  from  the  Lower  Coal  Measures  of  Nova  Scotia.  (Ab- 
stract.) Ibid.,  December,  1860,  vol.  5,  pp.  460,  461,  Montreal;  Quart,  Jour, 
Geol.  Soc.,  vol.  17, 1861,  p.  5,  London. 

Supplementary  chapter  to  Acadian  geology :  70  pp. ;  wood  engravings  of  fossils, 
Edinburgh. 

1861. 

The  pre-Carboniferous  flora  of  New  Brunswick,  Maine,  and  eastern  Canada :  Can. 

Nat.  and  Geol,  vol.  6,  1861,  pp.  161-180,  Montreal. 
(On  fossil  plants  from  Perry,  Maine.)    Agriculture  and  Geology  :  Sixth  Ann,  Rep,  of 

the  Secretary  of  the  Maine  Board  of  Agriculture,  pp.  249-251,  Maine,  1861, 
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Notes  on  the  geology  of  Murray  bay,  lower  St.  Lawrence  (with  list  of  Gambro- 
Hilurian  and  post-Tertiary  fossils  and  description  of  Lingula  eva,  by  E.  Bil- 
lings, p.  150) :  Can.  Nat,  and  Oeol,  vol.  6,  pp.  138-151,  Montreal. 

Theearthquake  of  July  12,  1861 :  Ibid.,  August,  1861,  vol.  6,  p.  329,  Montreal. 

On  the  recent  discoveries  of  gold  in  Nova  Scotia:  /bid.,  vol.  6, 1861,  pp.  417-433, 
Montreal. 

On  an  erect  Sigillaria  from  the  Soutb  Joggins,  Nova  Scotia :  Quart.  Jour.  OeoL  Soe., 
vol.  17. 1861,  pp.  622-524;  Can.  Nat.  and  Oeol,  vol.  7,  1862,  jip.  106-111,  Mon- 
treal. 

Note  on  a  Oarpolite  from  the  Coal  Formation  of  Oape  Breton ;  Quart.  Jour.  Ged. 
Soc.,  voL  17,  1861,  pp.  625,  526;  Can.  Nat.  and  Oeol.,  vol.  7, 1862,  pp.  111-113, 
Montreal. 

1862. 

Notice  of  the  discovery  of  additional  remains  of  land  animafs-  in  the  Goal  Measures 
of  the  South  Joggins,  Nova  Scotia:  QuaH.  Jcmr.  Oeol.  Soe.,  vol.  18,  1862,  pp. 
296-328;  Anur.  Jour.  Sci.,  vol.  35,  1863,  pp.  311-319. 

Note  on  Mr  Lesley's  paper  on  the  Coal  Measures  of  Cape  Breton :  Proc.  Amer.  Phil. 
Soc.,  vol.  9,  1862-63,  pp.  165-170. 

On  the  flora  of  the  Devonian  period  in  northeastern  America.  1.  Localities:  New 
York,  Maine,  Canada,  New  Brunswick.  2.  Description  of  species.  3.  Con- 
clusion. QuarL  Jour.  Geol.  Soc.,  November,  1862,  vol.  18,  pp.  296-.330,  London. 
(Opposite  page  329  an  additional  page  or  appendix,  bearing  date  September, 

1862,  was  inserted.) 

Notes  on  the  flora  of  the  White  mountains  in  its  geographical  and  geological  rela- 
tions: Can.  Nat.  and  Geol.,  vol.  7,  1862,  pp.  80-102,  Montreal. 

On  an  erect  Sigillaria  and  Carpolite  from  Nova  Scotia :  Ibid.,  vol.  7,  pp.  106-113, 
Montreal. 

On  the  footprints  of  Limulus  as  compared  with  the  Protichnites  of  the  Potsdam 
sandstone:  Ibid.,  vol.  7, 1862,  pp.  271-277,  Montreal.  (Abstract in  Amer.  Jour. 
Sci.,  second  series,  vol.  34,  pp.  446,  447,  New  Haven.) 

Fossil  plants  discovered  at  Perry,  Maine.  Letter  (November  26,  1862)  to  C.  H. 
Hitchcock  :  Proc.  PoHland  Soc.  Nat.  Hvst.,  vol.  1,  part  2,  pp.  99-100,  pi.  2, 1862, 
Portland,  Maine.     (Issued  1869.) 

Review  of  Hooker's  "Outlines  of  the  distribution  of  Arctic  plants" :  Om^  Not. 
and  Q^ol.,  vol.  7,  pp.  334-344,  Montreal. 

1863. 

On  the  antiquity  of  man :  A  review  of  Lyell  and  Wilson :  Can.  Nai.  and  Otol., 
vol.  8, 1863,  pp.  113-135,  Montreal ;  also  Edinburgh  New  Phil.  Jour,,  new  series, 
vol.  19,  1864,  pp.  40-64,  Edinburgh. 

On  two  new  coal  plants  from  Nova  Scotia.     [Abstract.]    Ibid.,  new  series,  vol.  18, 

1863,  p.  298,  Brit.  Assoc.  Proceedings. 

Notice  of  a  new  species  of  Dendrerpeton,  and  of  the  dermal  coverings  of  certain 
Carboniferous  reptiles:  Quart.  Jour.  Geol.  Soc.,  vol.  19,  1863,  pp.  469-473, 
London. 
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On  American  Devonian:  Amer,  Jour.  Sci.,  second  series,  vol.  35, 1863,  pp.  309-311, 

New  Haven. 
Further  observations  on  the  Devonian  plants  of  Maine,  Gasp^,  and  New  York  : 

QuaH,  Jour,  GeoL  Soc,,  November,  1863,  pp.  458-469,  pis.  17-19,  London. 
The  air-breathers  of  the  Coal  period  in  Nova  Scotia:  Can,  NcU,  and  GeoL,  vol.  8, 

1863,  pp.  1-12,  81-88,  159-160,  161-175,  268-295,  Montreal. 
Air-breathers  of  the  Coal  period ;  a  descriptive  account  of  the  remains  of  land  ani- 
mals foand  in  the  Coal  Formation  of  Nova  Scotia,  with  remarks  on  their  bearing 
on  theories  of  the  formation  of  coal  and  of  the  origin  of  species.    (Issued  as 
separate.)    81  pp.,  6  plates,  1  photograph,  1863,  Montreal. 

Synopsis  of  the  flora  of  the  Carboniferous  period  in  Nova  Scotia :  Can,  Nat,  and 
GeoL,  vol.  8,  1863,  pp.  431-457,  Montreal.    Review  in  Quart,  Jour,  Sci,,  vol.  1, 

1864,  p.  732,  1  pi.,  London. 

(Post-Tertiary  deposits  and  their  fossils :)  GeoL  of  Canada,  1863.  Geol.  Survey  Can. , 
Rep.  of  Progress  from  commencement  to  1868,  chapter  22,  supplementary, 
superficial  geology,  pp.  886-930  (pp.  915-928  prepared  from  MSS.  by  J.  W.  D.). 

1864. 

Address  of  the  President  of  the  Natural  History  Society  (of  Montreal):  Can,  Nat. 

and  Geol.,  second  series,  June,  1864,  vol.  1,  pp.  218-229,  Montreal. 
On  the  fossils  of  the  Lauren tian  and  boulder  drift  of  Canada:  Amer,  Jour.  Sci,, 

vol.  38,  1864,  pp.  231-239,  New  Haven. 
Elementary  views  of  the  classification  of  animals:  Can.  Nat.  and  GeoL,  second 

series,  August,  1864,  vol.  1,  pp.  241-258,  Montreal.     Review  by  Professor 

William  Hind,  F.  L.  S.,  in  Can.  Jour.,  January,  1865,  voL  10,  pp.  19-30,  Toronto. 
On  the  fossils  of  the  genus  Rusophycus:  Ibid.,  new  series,  October,  1864,  vol  1, 

pp.  363-367  (an  illustration  of  Rusichniteg  acadicut  to  accompany  description 

on  page  458,  December,  1864),  Montreal. 
Synopsis  of  the  flora  of  the  Carboniferous  period  in  Nova  Scotia :  Amer.  Jour.  Sci., 

vol.  37,  1864,  pp.  419-427,  New  Haven. 

1865. 

Note  on  Mr  Lesley's  paper  "  On  the  Coal  Measures  of  Cape  Breton ''  (with  remarks 

by  Mr  Lesley) :  Excerpt  from  Proc.  Amer.  Phil.  Soc,  March,  1865,  vol.  9,  pp. 

165-170. 
The  Paleozoic  floras  in  northeastern  America:  Brit.  Assoc.  Rept.,  vol.  35,  1865, 

pp.  50,  51 ;  Geol.  Mag.,  vol.  2,  1865,  pp.  568,  569,  London. 
On  the  fossil  plants  of  the  post-Pliocene  deposits  of  Canada,  in  connection  with 

the  climate  of  the  period,  and  the  formation  of  boulder  clay :  Brit.  Assoc.  Rept., 

1865,  p.  50;  GeoL  Mag.,  vol.  2,  1865,  pp.  561-563,  London. 

Notes  on  the  meeting  of  the  British  Association  at  Birmingham,  1865 :  Excerpt 
from  Can,  Nat.  and  GeoL  for  December,  1865,  16  pp.    Issued  as  separate. 

On  the  structure  of  certain  organic  remains  in  the  Lauren  tian  limestones  of  Canada 
(1864) :  QuaH.  Jour.  GeoL  Soc.,  vol.  21,  1865,  pp.  51-59,  London  ;  Can.  NaL 
and  Geol.,  vol.  2,  1865,  pp.  99-111,  127,  128,  Montreal;  PhU.  Mag.,  vol.  29, 
1865,  p.  76,  Edinburgh. 
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Notes  on  poet-Pliocene  depoeits  at  Rividre  du  Loop  and  Tadooaaac :  Ccui.  Nat,  and 

OeoL,  second  series,  vol.  2,  1865,  pp.  81-88^  Montreal. 
The  President's  address :  Ibid.,  vol.  2,  1865,  pp.  300-304,  Montreal. 

1866. 

On  the  conditions  of  the  deposition  of  coal,  more  especially  as  illustrated  by  the 

Coal  Formations  of  Nova  Scotia  and  New  Brunswick  :  Quart,  Jour,  Qeol.  Soc.f 

May,  1866,  vol.  22,  pp.  95-169,  13  pis.,  London. 
G^lo);ical  map  of  Canada  and  the  adjacent  re^^ions.    Geological  Survey  of  Canada. 

Sir  W.  £.  Logan,  etc.,  and  also  *'  from  the  labors  of  Doctor  J.  W.  Dawson." 

Scale,  25  miles  to  1  inch.    Paris,  Prance. 
Note  on  the  supposed  burrows  of  worms  in  the  Laurentian  rocks  of  Canada: 

QuaH,  Jour,  Geol.  Soc,  vol.  22,  1866,  pp.  608.  609,  With  figures   1-5,  London ; 

Phil,  Mag,,  vol.  31,  p.  158 ;  vol.  32,  p.  234 ;  Oar^,  Nat,  and  UeoL,  second  series^ 

vol.  3,  1868,  pp.  321,  322,  Montreal. 

1867. 

On  recent  geological  discoveries  in  the  Acadian  provinces  of  British  America: 
Proc.  Am,  Amoc.  Adv,  Set.  (16th  meeting),  1867,  pp.  117-119.  Reprint  in  Oin. 
Nat,  and  Qeol,,  second  series,  January,  1868,  vol.  3,  pp.  295-297,  Montreal. 

On  some  remains  of  Paleozoic  insects  recently  discovered  in  Nova  Scotia  and  New 
Brunswick:  Amer,  Jour.  Sci,,  vol,  44,  1867,  p.  116,  New  Haven,  Connecticut: 
Geol,  Mag.,  vol.  4,  1867,  pp.  385-388,  Loudon.  Can.  Nat,  and  Qeol.,  second 
series,  vol.  3,  1867,  pp.  202-206,  Montreal. 

Coal  discoveries  aud  primordial  fossils  in  Nova  Scotia  and  New  Brunswick :  Geoi. 
Mag.,  vol.  4,  1867,  pp.  73,  74,  London. 

On  certain  discoveries  in  regard  to  Eozoon  canadense :  Qeol,  Mag.,  vol.  4, 1867,  pp. 
222,  223,  London. 

Notes  on  fossils  recently  obtained  from  the  Laurentian  rocks  of  Canada  and  on 
objections  to  the  organic  nature  of  Eozoon,  with  notes  by  W.  B.  Carpenter: 
Quart.  Jour,  Qeol,  S(jc  ,  vol.  23,  1867,  pp.  257-264,  London;  Am^r.  Jour.  Sri,, 
vol.  44,  1867,  pp.  367-376,  New  Haven ;  PhU.  Mag,,  vol.  34,  1867,  pp.  318, 319; 
Can,  Nat,  and  Geol,,  second  series,  vol.  3,  1868,  pp.  312-321,  Montreal. 

On  the  discovery  of  a  new  Pulmonate  mollusk  {Zonites  (Conuius)  prisrug.  Carp.)  in 
the  Coal  Formation  of  Nova  Scotia,  with  a  description  of  the  species,  by  Philip 
P.  Carpenter,  M.  D. :  Qt^art.  Jour.  Geol.  Soc.,  vol.  23,  1867,  pp.  330-333,  Lon- 
don; Phil.  Mag,,  vol.  34,  1867,  p.  398.  (Abstract.)  QuaH.  Jour,  Sci,,  vol.3, 
1868,  p.  98. 

Post- Pliocene  climate  In  Canada:  Jour,  of  Botany,  vol.  5,  1867,  pp.  121-125.  Lon- 
don. 

Note  on  a  subdivision  of  the  Acadian  Carboniferous  limestones,  with  a  description 
of  a  section  across  these  rocks  at  Windsor,  Nova  Scotia :  Can.  Nat.  and  Geoi, 
second  series,  vol.  3,  May,  1867,  no.  3,  p.  224,  Montreal. 

On  Eozoon  canadense  (with  notes  by  W.  B.  Carpenter,  M.  D.,  F.  R.  S.):  Ibid. 
Reprinted  from  Quart.  Jour,  Geol.  Soc.,  August,  1867. 
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Die  Bchichlen  von  Saint  John  unter  teufen  die  untersten  schichten  der  Steinkoh- 
len-formation  und  enthalten  eine  charakterische  Devonifiche  flora:  Neues 
Jahrb.,  1867,  pp.  702,  703,  Stuttjrart. 

1868. 

Acadian  geology,  the  geological  structure,  organic  remains,  and  mineral  resources 
of  Nova  Scotia,  New  Brunswick,  and  Prin<!e  Edward  island.  Second  edition, 
revised  and  enlarged,  with  a  geological  map  and  numerous  illustrations,  694 
pp.,  London,  1868.  Abstract  of  supplement  to  second  edition,  by  the  author : 
Amer,  Jour.  Sci.,  third  series,  vol.  15,  pp.  478-480,  New  Haven. 

Comparisons  of  the  icebergs  of  Belle  Isle  with  the  glaciers  of  Mouqt  Blanc,  with 
reference  to  the  boulder  clay  of  Canada  (read  1866) :  Can,  Nal.  and  OeoL,  sec- 
ond  series,  vol.  3,  1868,  pp.  33-44,  Montreal. 

The  evidence  of  fossil  plants  as  to  the  climate  of  the  post- Pliocene  period  in  Can- 
ada (read  1866) :  Ibid,,  vol.  3,  1868,  pp.  69-76,  Montreal. 

Notices  of  some  remarkable  genera  of  the  Coal  Formation:  Ibid.,  vol.  3, 1868,  pp. 
362-374,  Montreal. 

The  removal  and  restoration  of  forests:  Ibid.,  vol.  3,  1868,  pp.  405-417,  Montreal. 

On  new  specimens  of  Eozoon  canadense,  with  a  reply  to  Professors  King  and  Bow- 
ney  (with  notes  by  W.  B.  Carpenter):  Amer,  Jour.  AW.,  second  series,  vol.  46, 
pp.  245-257,  New  Haven. 

1869. 

Notes  on  a  visit  to  scientific  schools  and  museums  in  the  United  States:  Qm.  Nat, 
and  GeoL,  second  series,  vol.  4,  1869,  pp.  1-10,  Montreal. 

On  the  Wakefield  cave:  Ibid.,  vol.  4,  p.  71,  Montreal. 

On  geological  time:  Ibid,,  vol.  4,  p.  73,  Montreal. 

(Review  of)  Croll  on  Geological  time :  Ibid.,  1869,  vol.  4,  pp.  73-78,  Montreal. 

Deep  sea  dredging  in  its  relations  to  geology:  Ibid.,  1869,  vol.  4,  pp.  78-81,  Mon- 
treal. 

On  modern  ideas  of  derivation.  (Presidential  address,  delivered  M^y,  1868.) 
Ibid.,  July,  1869,  vol.  4,  pp.  121-138,  Montreal. 

On  some  new  fossil  plants,  etc.,  from  Gasp^.  (Summary.)  Can.  Nat,  and  GeoL, 
voL  4, 1869,  pp.  464,  465,  Montreal. 

On  the  graphite  of  the  Lauren  tian  of  Canada.  Quart.  Jour,  Geol.  Soc.,  vol.  25, 1869, 
p.  406;  vol.  26,  1870,  pp.  112-117,  London  ;  Can.  Nat.  and  Oeol,  vol.  5,  1870, 
pp.  13-20,  Montreal ;  PhU.  Mag,,  vol.  39, 1870. 

On  Calamites:  Ann,  and  Mag.  Nat,  Hist.,  vol.  4,  1869,  pp.  272,  273,  London. 

Geological  notes:  Can,  Nat,  and  Geoi,,  vol.  4,  p.  71,  1869,  Montreal. 

1870. 

Notes  on  new  points  and  corrections  in  Acadian  geology :  Trans.  Nova  Scotian  InsL 

Nat,  Sci,,  vol.  2,  part  3,  pp.  166-169,  Halifax. 
Notes  on  the  structure  of  Sigillaria:  Quart.  Jour.  Geol.  Soc,,  vol.  26,  1870,  pp.  165, 

166,  London ;  Phil,  Mag,,  vol.  40, 1870,  pp.  74,  75.     [Abstract.]     Can.  Nat.  and 

Geol,  March,  1870,  vol.  5,  p.  98,  Montreal. 
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Notes  on  some  new  animal  remains  from  the  Carboniferous  and  Devonian  of 
Canada  (1869):  QuaH.  Jour.  Geol  Soc.,  vol.  26,  1870,  p.  166,  London;  Phil 
Mag,  J  vol.  40,  1870,  p.  75,  London  ;  Can.  Nat,  and  (Jeol,,  second  series,  March, 
1870i  vol.  5  (abstract),  pp.  98,  99,  Montreal. 

On  the  structures  and  affinities  of  Sif^illaria,  Calami tes,  and  Calamodendron : 
Quart,  Jour.  Geol,  Soc.,  vol.  26,  1870,  pp.  488^90;  vol.  27,  1871,  pp.  147-Ml, 
4  pis.,  London;  Phil,  Mag.,  vol.  40,  1870,  pp.  384-386,  London. 

On  the  pre-Carboniferous  floras  of  northeastern  America,  with  special  reference 
to  that  of  the  Brian  (Devonian)  period:  Roy.  Soc.  JProc.,  vol.  18,  1870,  pp. 
333-336;  Ann,  and  Mag,  Nal,  Hist.,  vol.  6,  1870,  pp.  103-105,  London. 

Handbook  of  zoolo^^y,  with  examples  from  Canadian  species,  recent  and  fossil, 
part  1,  Invertebrata,  246  pp.  Appendix  A,  Vertebrata,  pp.  247-252.  Appen- 
dix B,  directions  for  collecting  and  preserving  invertebrate  animals,  pp.  253- 
264,  Montreal. 

The  earthquake  of  October  20,  1870,  felt  in  Canada:  Can,  Nat.  and  Geol.,  second 
series,  vol.  5,  1870,  pp.  262-289,  Montreal.  Reprinted  as  separate  in  amended 
form,  1870,  8  pp.,  Montreal. 

Note  on  the  genus  Eophyton :  Ibid,^  vol.  5,  1870,  pp.  20-22.  (It  is  only  probable 
that  this  article  was  written  by  Dawson.) 

The  primitive  vegetation  of  the  earth :  Nature,  June  2,  1870,  vol.  2,  pp.  85-88, 
London;  Amer: Nat.,  vol.  4,  1871,  pp.  474-583;  Proe,  Roy,  Inat,,  vol.  6, 1872, 
pp.  165-172,  London.     (Issued  as  separate,  8  pp.,  1870.) 

On  spore-cases  in  coals:  Can.  Nat,  and  Geol.,  second  series,  vol.  5,  1870,  pp.  389- 
377,  Montreal;  Avmt,  Jour,  Sci,,  vol.  1,  1871,  pp.  256-263,  New  Haven;  Aim. 
and  Mag.  Nat,  Hist.,  vol.  7,  1871,  pp.  321-329,  London;  Monthly  MicroK.  Jowr,, 
vol.  6,  1871,  pp.  90-97,  New  York. 

1871. 

Report  on  the  geological  structure  and  mineral  resources  of  Prince  Edward  Island 
(assisted  by  B.  J.  Harrington,  B.  A.,  Ph.  D.).  Printed  by  authority  of  the 
government  of  Prince  Edward  Island.  ^  52  pp.,  1871,  Montreal. 

The  fossil  plants  of  the  Devonian  and  Upper  Silurian  formations  of  Canada:  GeoL 
Survey  Can,,  92  pp.,  20  pis.,  Montreal. 

Annual  address  of  the  President  of  the  Natural  History  Society  of  Montreal  (de- 
livered May  19, 1871) :  Can,  Nat.  and  Geol.,  second  series,  vol.  6,  pp.  1-9,  Mon- 
treal (whole  volume  issued  1872). 

Geological  Survey  of  Canada,  Report  of  Progress,  1866-69  (review) :  Ibid.,  vol.  6, 
pp.  60-89,  Montreal  (whole  volume  issued  1872). 

Lecture  notes  on  minerals.    Ladies'  Association  Class,  1871-72,  25  pp.,  Montreal. 

On  the  bearing  of  Devonian  botany  on  the  question  as  to  the  origin  and  extinction 
of  species:  Amer.  Jour,  Sci.,  vol.  2,  1871,  pp.  410-416,  New  Haven. 

On  Sigillaria,  Calamites,  and  Calamodendron :  Quart,  Jour,  Geol,  Soc.,  vol.  27, 1871, 
pp.  147-161,  4  pis.,  London. 

Some  new  facts  in  fossil  botany:  Geol,  Mag,,  vol.  8,  1871,  pp.  236,  237,  London. 

On  some  new  tree  ferns  and  other  fossils  from  the  Devonian:  Quart.  Jour,  Gtoi 
Soc.,  vol.  27,  1871.  pp.  269-274 ;  PhU.  Mag.,  vol.  42, 1871,  pp.  231, 232,  London. 
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1872. 

Note  on  the  fossil  plants  referred  to  in  Mr  Richardson's  report :  OeoL  Survey  Can,^ 

Report  of  Progress  for  1871-72,  Appendix  I,  p.  98,  Montreal 
The  story  of  the  earth  and  man,  12mo,  420  pp.,  London.     (11th  ed.  in  1894.) 
Footprints  of  Sauropus  unguifer:  Oeol  Mag.,  December,  1872,  vol.  9,  pp.  251,  252, 

London. 
On  the  physical  geography  of  Prince  Edward  Island :  Can.  Nat.  and  QeoL,  vol.  6, 

1872,  pp.  342,  343,  Montreal. 
Notes  on  the  geology  of  Prince  Edward  Island,  in  the  gulf  of  St.  Lawrence :  OeoL 

Mag.,  vol.  9,  1872,  pp.  203-209,  London. 
Note  on  footprints  from  the  Carboniferous  of  Nova  Scotia  in  the  collection  of  the 

Geological  Survey  of  Canada:  Ibid.y  vol.  9,  1872,  pp.  251-253,  liondon. 
Devonian  and  Lower  Carboniferous  plants  (being  a  notice  of  Ueer's  "  Fossil  plants 

of  Bear  island,  Spitsbergen'') :  Amer.  Jour,  Sci.,  third  series,  vol.  4, 1872,  pp. 

236,  237,  New  Haven. 
Fossil  plants  from  Kam]o6ps  lake  and  Quesnel  Mouth  (paleontological  notes  by 

Dawson  in  Selwyn's  report):   Oeol.  Survey  Can.,  Report  of  Progress,  1871- 

1872,  pp.  58,  59. 
The  post- Pliocene  geology  of  Canada :  Can.  Nat.  and  Oeol. ,  second  series,  vol.  6,  1871 , 

pp.  19-42;  part  2,  ibid.^  1872,  pp.  166-187;  part  2  (continued),  ibid.,  1872,  pp. 

241-259,  with  plate  facingp.  241,  Montreal.    Issued  as  separate,  112pp.,  1872, 

Montreal,  under  title :  Notes  on  the  post- Pliocene  geology  of  Canada,  with 

special  reference  to  the  conditions  of  accumulation  of  the  deposits  and  marine 

life  of  the  period. 
Fossil  plants  of  the  Middle  and  Upper  Coal  Formations  (from  various  localities) : 

Report  of  Progress,  Oeol.  Survey  Can.,  1870-71,  pp.  214-216,  issued  1872,  Mon- 
treal. 

1873. 

Annnal  address  of  the  President  of  the  Natur^il  History  Society  of  Montreal,  May, 
1872;  Can.  NaJL.  and  Oeol.,  second  series,  vol.  7,  1873,  pp.  1-11,  Montreal 

Foasil  woods  of  British  Columbia:  Bot.  Jahresber,  1,  1873,  no.  32. 

Note  on  a  new  Sigillaria,  showing  scars  of  fructification :  Proc.  Am.  Assoc.  Adv. 
Sci.,\o\.  22, 1873,  part  2,  pp.  75,  76  (Portland  meeting).  Whole  volume  issued 
1874. 

On  the  geological  relations  of  the  iron  ores  of  Nova  Scotia :  Ibid.,  pp.  138-146 ;  Can. 
Nat.  and  Oeol.,  vol.  7,  1873,  no.  3,  pp.  12^138,  Montreal. 

Impressions  and  footprints  of  aquatic  animals  and  imitative  markings  on  Carbon- 
iferous rocks  :  Amer.  Jour.  Set.,  vol.  5, 1873,  pp.  65-74,  New  Haven  ;  Can.  Nat. 
and  Oeol,  second  series,  vol.  7,  1873,  pp.  17-24,  Montreal. 

Note  on  the  relations  of  the  supposed  Carboniferous  plants  of  Bear  island,  with 
the  Paleozoic  flora  of  North  America :  Quart.  Jour.  Oeol.  Soc.,  vol.  29,  1873, 
pp.  24,  25,  London. 

Note  on  the  vindication  of  Leptophleum  rhombicum  and  Lepidodendron  gaspi- 
anum:  Ibid.,  pp.  369-371,  London. 
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American  lake  basins  and  Arctic  currents:  Geol.  Mag.^  vol.  10,  1873,  pp.  137,  138, 

London. 
Fossil  plants  of  the  Lower  Carboniferoos  and  Millstone  Grit  formations  of  Ganada : 

Qeol,  Survey  Can.,  47  pp.,  10  pis  ,  Montreal. 
On  a  Sigrillaria  showing  marks  of  fructification  (note) :  Can.  NaL  and  (reo/.,  second 

series,  vol.  7,  p.  171. 
Notes  on  Prototaxites :  Ibid.,  pp.  173-178,  Montreal. 
Remarks  on  Mr  Carruthers'  views  of  Prototazites :  Monthly  Microsc,  Jour.,  vol.  10, 

1873,  pp.  66-71.     (Published  as  a  separate  pamphlet,  7  pp.,  Au8:ust,  1873.) 
On  the  introduction  of  genera  and  species  in  geological  time:  Qaarl.  Jour.  Sci., 

vol.  3,  1873,  pp.  363-366,  London. 
Note  on  Eozoon  canadense  (1871):  Proc.  Irish  Acad.,  vol.  1, 1873-74,  pp.  117-123, 

129-131,  Dublin. 
Notes  on  the  fossil  plants  collected  by  Mr  J.  Richardson  in  1872:  Ged.  Survfy  Can., 

Report  of  Progress  for  1872-73  (Appendix  I  to  Mr  Richardson's  report),  pp.  66- 

71  (plate),  1873,  Montreal.     Abstract  of  same:  Amer.  Jour.  Sci.,  third  aeries, 

vol.  7,  1874,  pp.  47-61,  New  Haven. 

1874. 

Note  on  fossil  woods  from  British  Columbia  collected  by  Mr  Richardson :  Amn. 

Jour.  Sci.,  third  series,  vol.  7, 1874,  pp.  47-^1,  New  Haven. 
On  the  Upper  Coal  Formation  of  eastern  Nova  Scotia  and  Prince  Edward  Island  in 

its  relation  to  the  Permian:  QMart.  Jour.  Geol.  Soc.,  vol.  30,  1874,  pp.  209-219, 

London.     [Abstracts.]     (1)  Can.  Nat.  and  GeoL,  second  series,  vol.  7,  1875,  pj). 

303,  304;  (2)  Amer.  Jour.  Sci.,  third  series,  vol.  8,  1874,  p.  401 ;  (3)  Geol.  Mag., 

vol.  1,  1874,  pp.  281,  282. 
Annual  addi^ess  delivered  by  the  President  l)efoi'e  the  Natural  History  Society  of 

Montreal:  Can.  Nat.  and  Geol.,  July,  1874,  second  series,  vol.  7,  pp.  277-291, 

Montreal. 
Eozoon  canadense:  Nature,  June  11,  1874,  vol.  10,  p.  103. 

1875. 

Geological  Survey  of  Canada.    Report  of  Progress  for  1873-74  (review).     Owi.  Nat. 

and  GeoL,  second  series,  vol.  7,  1875,  pp.  415-421,  Montreal. 
Primitive  man,  etc. :  Tram.  Victoria  Institute,  vol.  8,  1875,  pp.  59-63,  London. 
The  dawn  of  life,  being  the  history  of  the  oldest  known  fossil  remains  and  their 

relations  to  geological  time  and  to  development  of  the  animal  kingdoiy,  239  pp., 

London  and  Montreal. 
Origin  and  history  of  life  on  our  planet.     An  address  by  Vice-President  J.  W. 

Dawson  before  the  American  Association  for  the  Advancement  of  Science,  at 

Detroit,  Michigan,  August,  1875,  26  pp.,  Montreal.     Amer.  Nat.,  vol.  9,  l?7n, 

pp.  529-552;  Proc.  Am.  Assoc.  Adv.  Sci,  vol.  24,  1875,  part  2,  pp.  3-26. 
On  some  new  specimens  of  fossil  Protozoa  from  Canada :  Proc.  Am.  Assoc.  Adr.Sn., 

vol.  24,  part  2,  pp.  100-105. 
Carboniferous  conifers  of  the  United  States:  Amer.  Jour,  Sci.,  vol.  10,  pp.  301, 302, 

New  Haven. 
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Note  on  the  plants  collected  by  Mr  Q.  M.  Dawson  from  the  Lignite  Tertiary  de- 
posits near  the  forty-ninth  parallel.  Appendix  A,  pp.  327-3SVof  *^ Report  on 
the  geology  and  resonrces  of  the  region  in  the  .vicinity  of  the  forty-ninth 
parallel  from  the  lake  of  the  Woods  to  the  Rocky  mountains,  with  lists  of 
plants  and  animals  collected,  and  notes  on  the  fossils,"  by  G.  M.  Dawson, 
Montreal,  1875. 

(Recollections  of  Sir  Charles  Lyell.)  Being  the  annaal  presidential  address  of  the 
.  Natural  History  Society  of  Montreal  for  1875,  Can,  Nat,  and  Geol.,  vol.  8, 1878, 
pp.  8-16.     (Issued  as  separate,  1875,  Montreal.) 

1876. 

New  facts  relating  to  Eozoon  canadense:  Proc,  Am,  Assoc,  Adv.  Sci,,  vol.  25,  pp. 

231-234,  1876. 
On  the  occurrence  of  Eozoon  at  C6te  Saint  Pierre:  Quart,  Jour,  Oeol,  Soc,,  1876, 

pp.  66-75,  4  figs,  and  pi.  10,  London. 
Note  on  the  phosphates  of  the  Ijaureiitian  and  Cambrian  rocks  of  Canada :  Quart, 

Jour,  Geol.  Sac,  vol.  32,  1876,  pp.  282-285,  London;  Phil.  Mag,,  vol.  1,  1876, 

pp.  558,  559,  London ;  Can,  Nat,  and  Oeol.,  second  series,  voL  8,  1878,  pp.  162- 

170,  Montreal. 
Eozoon  canadense,  according  to  Hahn:  Ann,  and  Ma^,  Nat.  Hist.,  vol.  17,  1876, 

pp.  29-38,  lA)ndon. 

On  Mr  Carter's  objections  to  Eozoon  (read  1875) :  Ifnd,,  vol.  17,  1876,  pp.  118,  119, 
London. 

Note  on  a  specimen  of  metadiabase  from  Connecticut  lake  supposed  to  be  organic: 

Amer.  Jour.  8ci.,  December,  1876,  vol.  12,  p.  395,  New  Haven.' 
On  a  recent  discovery  of  Carboniferous  batrachians  in  Nova  Scotia:  Ibid.,  vol.  12, 

1876,  pp.  440-447.     Reprinted  as  separate  pamphlet,  pp.  1-8,  New  Haven. 
Carboniferous  land  shells:  Nature,  vol.  15,  p.  317,  London.  / 

Carboniferous  Pulmonates :  Amer,  Jour.  Sci.,  third  series,  vol.  12, 1876,  pp.  226,  227,  *" 

New  Haven. 
Remarks  on  a  certain  paper  on  biblical  interpretation  and  science :  Trans,  Victoria 

Institute,  vol.  9,  1876,  pp.  173-175,  London. 

1877. 

Animal  address  to  Natural  History  Society  of  Montreal— Pleistocene  history :  Can. 
Nat,  and  Oeol,,  second  series,  July,  1877,  vol.  8,  pp.  293-303. 

(Remarks  on  geology  of  Beloeil  and  vicinity:)  Ibid.,  pp.  286-288,  Montreal. 

Note  on  a  fossil  seal  from  the  Leda  clay  of  the  Ottawa  valley  (read  October  29, 
1877) :  Ibid.,  vol.  8,  pp.  340,  341,  Montreal. 

Lower  Carboniferous  fishes  of  New  Brunswick :  Ibid.,  pp.  837-340.  (Issued  as 
separate,  4  pp.,  Montreal.) 

Plants  from  Quesnel  [and]  plants  from  Black  water:  Geol,  Survey  Can.,  Report  of 
Progress  for  1875-1876,  pp.  259,  260;  in  report  of  explorations  in  British  Co- 
lumbia, by  G.  M.  Dawson,  1877,  Montreal. 
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Notes  on  two  Paleozoic  crustaceans  from  Nova  8cotia,  Anthrapaliemon  (Palseo- 

carabus)  hillianum,  new  species,  and  Homalonotus  dawsoni,  Hall :  Geol.  Mag.^ 

December  2, 1877,  yol.  4,  pp.  66-58,  London. 
Fossil  floras  and  glacial  periods:  Nature,  vol.  16,  1877,  pp.  67,  68,  London. 
The  earthquake  of  November  4, 1877 :  Can.  Nat.  and  GeoL,  second  series,  vol.  8, 1877, 

pp.  342-345,  Montreal.     (Reprinted  as  separate,  4  pp.)    Anur.  Jour.  Sci.,  vol. 

16,  1878,  pp.  342-345,  New  Haven. 
Grand  'Eury  on  the  Garboniferous  flora.     ( Being  a  review  of  Grand  'Eury's  "  Fldre 

Oarbonif^re  du  department  de  la  Loire  et  du  Centre  de  la  France.")    Amer.  Jour. 

Sci.,  third  series,  vol.  13,  1877,  pp.  222-226,  New  Haven. 
Notes  on  a  specimen  of  Diploxylon  from  the  Goal  Formation  of  Nova  Scotia; 

Quart.  Jour.  Oeol.  Soc.y  vol.  33,  1877,  pp.  836-842,  London ;  Ann.  and  Mag.  NaL 

Hitt.,  vol.  20,  1877,  pp.  152,  153,  London;  Can.  Nat.  and  Oeol.,  second  series, 

vol.  8,  1878,  pp.  249,  250,  Montreal. 
Fossil  agricultural  implements.    A  note  on  American  flint  hoes.    Separate,  4  pp. 

(Read  February  5, 1877.)     Trans.  Victoria  Institute,  vol.  11,  pp.  29-32,  London. 
Notes  on  some  Scottish  Devonian  plants.     (Read  before  the  Edinburgh  Geological 

Society,  December  20,  1877.)     Can.  Nal.  and  Geol.,  second  series,  vol.  8,  1877, 

pp.  379-389,  pi.  4,  Montreal.     (Issued  as  separate,  10  pp.,  with  1  pi.) 

1878. 

The  origin  of  the  world  according  to  revelation  and  science.  438  pp.,  London, 
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sion), 1888,  Montreal ;  Nature,  vol.  38,  p.  142,  London ;  Popular  Science  Monthly^ 
vol.  36,  p.  267.  1889, 

Modern  science  in  Bible  lands,  with  maps  and  illustrations :  606  pp.  (with  special 
geol.  appendix),  London,  New  York,  and  Montreal,  1888. 

LXXXl— Bull.  Gbol.  Soo.  Am.,  Vol.  U,  1899 
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New  species  of  fossil  sponges  from  Little  M^tis,  Province  of  Quebec,  Canadft: 

Peter  Redpath  Museum,   McGill  University,  Montreal,  April,   1888.    (Re- 

,]^rinted  from  Can.  Rec,  Sci.,  vol.  3,  pp.  49-59.)    Whole  volume  published  1889. 

On  specimens  of  Eozoon  canadense  and  their  geological  and  other  relations :  Peter 

Redpath  Museum,  McGill  University,  Montreal,  1888,  106  pp. 
The  historical  deluge  in  its  relation  to  scientific  discovery  and  to  present  day 

questions,  with  appendix,  56  pp.,  no.  76,  Present  Day  Tracts,  ITie  Rdigiout 

Trad  Society,  London,  1888. 
The  earliest  plants  (from  geological  history  of  plants) :  Popular  Science  Monthly, 

April,  1888,  vol.  32,  no.  6,  pp.  787-795,  6  woodcuts. 
Note  on  new  facte  relating  to  Eozoon  Canadense:  GeoL  Mag.,  Decade  3,  vol.5, 

1888,  pp.  49-64,  pi.  iv,  London. 

1889. 

A  new  Erian  (Devonian)  plant  allied  to  Cordaites:  Atner,  Jour.  Sci.,  vol.  38,  July, 

1889.  (Issued  as  separate.) 

Note  on  Balanus  hameri  in  the  Pleistocene  of  RiviOre  Beaudetteand  on  the  occur- 
rence of  peculiar  varieties  of  Mya  arenaria  and  M.  tnincata  in  the  modern 
sea  and  the  Pleistocene:  Can.  Rec.  Sci,  vol.  3,  pp.  287-292,  1889,  Montreal. 

On  fossil  sponges  from  beds  of  the  Quebec  group  of  Sir  William  Logan  at  Little 
M6tis:  Ibid.,  vol.  3,  pp.  429-430,  1889,  Montreal. 

Handbook  of  geology  for  the  use  of  Canadian  students.    250  pp.,  Montreal. 

Saccamina  eriana:   Amer.  Jour.  ScU,  vol.  37,  p.  318,  April,  1889,  New  Haven. 

On  Cretaceous  plante  from  Port  McNeill,  Vancouver  island :  Trang.  Roy.  Soc.  Oi«  , 
vol.  6,  sec.  4,  pp.  71,  72,  Montreal.  (A))stract  in  Can.  Rec.  Sci.,  vol.  3,  p.  167, 
1888,  Monti-eal.) 

Fossil  Rhizocarps:  Nature,  vol.  41,  p.  10. 

Determination  of  fossil  plante  from  Rink  rapids,  Lewes  valley,  Yukon  district, 
collected  by  Dr  G.  M.  DawRon  in  1887:  Note  in  Geol.  Sur.  Can.  Annual  Re- 
j)ort,  vol.  3,  pp.  146  B-147  b-149  b,  Montreal. 

Supplementery  note  to  a  paper  on  the  rocks  of  the  Atlantic  coast  of  Canada:  Proc. 
QeoL  Soc.,  vol.  45,  p.  80. 

1890. 

Nature  as  an  educator.    Reprint  from  the  Can.  Rec.  Sci.,  July,  1890,  pp.  171-182, 

Montreal. 
On  certain  Devonian  plants  from  Scotland :  Nature,  April  10,  1890,  vol.  41,  no.  *23, 

p.  537,  London.     Reprinted  as  separate,  4  pp.,  under  name  *'On  the  plants 

of  the  Lower  Devonian  of  Perthshire."    See  review  in  Amer.  Geol.,  vol.  6, 

no.  1,  p.  56,  July,  1890,  Minneapolis. 
Note  on  the  geological  relations  of  the  fossil  plants  from  the  Devonian  of  New 

Brunswick.     In  Scudder's  "  The  fossil  insecte  of  North  America,  with  notes  of 

some  European  species,"  pp.  186-193,  1890,  New  York. 
On  certain  remarkable  new  fossil  plante  from  the  Erian  and  Carboniferous  and  on 

the  characters  and  affinities  of  Paleozoic  gymnosperms.     (Abstract)    iVf/C. 

Am.  As6oc.  Adv.  Sci.,  38th  (Toronto)  meeting,  1889,  published  in  1890. 
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On  new  plants  from  the  Erian  and  Carboniferoas  and  on  the  characters  aiid  aflSn- 
ities  of  Paleozoic  gymnosperms.  Peter  Redpath  Museum,  McGill  University, 
Montreal.    (Reprinted  from  Can.  Rec.  Sn. ,  vol.  4,  pp.  1-28),  January,  1890, 28  pp. 

Note  on  a  fossil  fish  and  marine  worm  found  in  the  Pleistoc^e  nodules  of  Greens- 
creek  on  the  Ottawa:  Can.  Hec,  Sci.,  vol.  4,  pp.  86-88,  Montreal,  1890. 

On  new  species  of  fossil  sponges  from  the  Siluro-Oambrian  at  Little  M^tis  on  the 
lower  St.  Lawrence.  (Including  notes  on  specimens  by  Doctor  G.  J.  Hinde, 
F.  G.  S.)     Trans.  Roy.  Soc.  Can.,  vol.  7,  sec.  4,  pp.  31-55,  Montreal,  1890. 

On  the  Pleistocene  flora  of  Canada.  1.  Geology  of  the  deposits  (Dawson).  2.  Note 
on  the  Pleistocene  plants  (Penhallow).  Bull.  Geol.  Soc.  Am.,  vol.  1,  pp.  411- 
334,  Rochester,  1890. 

The  Quebec  group  of  Logan :  Can.  Rec.  ScL,  vol.  4,  pp.  133-143,  July,  1890,  Mon- 
treal.    (Issued  as  separate.) 

On  burrows  and  tracks  of  invertebrate  animals  in  Paleozoic  rocks  and  other  mark- 
ings: Quart.  Jour.  Geol.  Soc.^  November,  1890,  vol.  46,  pp.  595-618,  London. 

On  fossil  plants  collected  by  R.  G.  McConnell  on  Mackenzie  river  and  T.  C.  Weston 
on  Bow  river:  TVans.  Roy.  Soc.  Can.,  vol.  7,  sec.  4,  pp.  69-74,  1890.  Review 
by  L.  F.  Ward  in  Amei\  Jour.  Sci.,  third  series,  vol.  39,  p.  406. 

1891. 

The  geology  of  Nova  Scotia,  New  Brunswick,  and  Prince  Edward  Island,  or  Acadian 
geology,  fourth  edition,  with  a  map,  illustrations,  and  two  supplements.  Lon- 
don, Edinburgh,  Montreal.  Halifax,  and  New  York,  1891.  14  (2),  27,  694, 
103, 37  pp.  Supplements  are  those  to  second  edition,  1878.  and  fourth  edition, 
1891. 

On  new  specimens  of  Dendrerpeton  acadianum,  with  remarks  on  other  Carbonif- 
erous amphibians:  Geol.  Mag  ,  Decade  3,  vol.  8,  no.  324,  pp.  145-156,  I^ndon. 
(Issued  as  separate  April,  1891.) 

Note  on  Hylonomus  lyelli,  with  photographic  reproduction  of  skeleton:  Ibid.,  vol. 
8,  pp.  258,  259,  June,  1891,  London. 

Notes  on  specimens  of  fossil  wood  from  the  Erian  (Devonian)  of  New  York  and 
Kentucky  (by  Dawson  and  D.  P.  Penhallow) :  Can.  Rec.  Sci.,  vol.  4,  pp.  242- 
247,  January,  1891,  Montreal. 

C3arboniferous  fossils  from  Newfoundland:  Bull.  Geol.  Soc.  Am.,  vol.  2,  pp.  529- 
540,  May  27,  1891,  Rochester,  N.  Y. 

The  age  of  the  Catskill  flora:  Amer.  Geol,  vol.  7,  p.  363,  1891,  Minneapolis. 

On  fossil  plants  from  the  Similkameen  valley  and  other  places  in  the  southern 
interior  of  British  Columbia.  Trans.  Roy.  Soc.  Can.,  vol.  8,  sec.  4,  pp.  75-91, 
1891.     (Read  May,  1890.) 

1892. 

Supplementary  report  on  explorations  of  erect  trees  containing  animal  remains  in 
the  Coal  Formation  of  Nova  Scotia:  Proc.  Roy.  Soc,  vol.  54,  1892,  pp.  4,  5, 
Tendon. 

Modern  science  in  Bible  lands,  with  maps  and  illustrations.  Popular  edition  re- 
vised.    London,  400  pp.  (3d  ed.  in  1895). 
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Prehistoric  times  in  Egypt  and  Palestine:  North  American  Review^  vol.  154,  1892, 

no.  6,  pp.  672-6S3,  New  York  ;  Ihid,,  vol.   155,  July,  1892,  no.  1,  pp.  69-83. 
Parka  decipiens.    Notes  on  specimens  from  the  collection  of  James  Reid,  Esq., 

Allan  House,  Blairgowrie,  Scotland;  part  1,  historical  and  geological:  Tranti. 

Roy.  Soc.  of  Can,^  vol.  9,  sec.  4,  pp.  3-8.     (Whole  volume  issued  in  1892.) 
On  mode  of  occurrence  of  remains  of  land  animals  in  erect  trees  at  the  Sonth 

Joggins:   TVam,  Roy.  Soc.  Can.,  vol.  9,  sec.  4.     (Read  May  29,  1891.)    1892, 

pp.  127,  128. 
Thomas  Sterry  Hunt,  LL.  D.,  F.  R.  S.  (obituary):  Can.  Rec.  Sci.,  vol.  4,  1892,  pp. 

145-149,  with  portrait,  Montreal. 

1893. 

Notes  on  ornamental  stones  of  ancient  Egypt :   Trantt.  Victoria  Institute,  vol.  26, 1893, 

pp.  265-282,  London. 
Causes  of  climatic  changes :  Ibid.,  pp.  289-291,  London. 

Thii  late  Dr.  John  Strong  Newberry :  Onn.  Rec.  Sci.,  vol.  5,  1893,  p.  340,  Montreal. 
Geological  notes:   Can.  Rec.  Sci.,  July,  1893,  pp.  386-393,  Montreal. 
Some  salient  points  in  the  science  of  the  earth.    499  pp.,  London  and  New  York, 

1893. 
'  On  the  correlation  of  Early  Cretaceous  floras  in  Canada  and  the  United  States, 

and  on  some  new  plants  of  the  period:   IVans.  Roy.  Soc.  Can.,  vol.  10,  sec.  4 

(read  June  2,  1892),  pp.  79-83 ;  whole  volume  issued  1893,  Ottawa. 
Note  on  fossil  siYonges  from  the  Quebec  group  (Lower  Cambro-Silurian)  at  Little 

M^tis,  Canada  (abstract) :  Bull.  Geol.  Soc.  Am.,  pp.  409,  410,  vol.  4,  1893. 
The  Canadian  Ice  Age,  being  notes  on  the  Pleistocene  geology  of  Canada,  with 

especial  reference  to  the  life  of  the  period  and  its  climatic  conditions.    301 

pp.,  1893,  Montreal,  New  York,  and  London ;  issued  as  Peter  Redpaiii  Mmenm 

Bulletin,  McGill  University,  Montreal,  1893. 

1894. 

Preliminary  note  on  recent  discoveries  of  Batrachians  and  other  air-breathers  in 

the  Coal  Formation  of  Nova  Scotia:  Ex.  Can.  Rec.  Sd.,  7  pp.,  Jan.,  1894 

(whole  vol.  6,  issued  1896). 
Thestudy  of  fossil  plants:  Bull.  Geol.  Soc.  Am.,  vol.  6,  pp.  2-^5, 1894,  Rochester,  X.  Y. 
Fossil  plants  of  Canada,  as  tests  of  climate,  etc. :  Natural  Science,  vol.  4,  1894,  pp. 

177-182. 
Remarks  on  Prestwich's  paper,  *' Causes  for  the  origin  of  the  tradition  of  the 

flood  "  :  IVans.  Victoria  Institute,  vol.  27,  1894,  p.  285,  London. 
Note  on  the  genus  Naidites  as  occurring  in  the  Coal  Formation  of  Nova  Scotia, 

with  an  appendix  by  Wheel  ton  Hind,  M.  D. :  Quart.  Jour.  Geol.  Soc.,  August^ 

1894,  vol.  50,  pp.  435-442. 
Notes  on  the  bivalve  shells  of  the  Coal  Formation  of  Nova  Scotia:  Can.  Rec.  Sn,, 

vol.  6,  1894,  pp.  117-134  (whole  vol.  issued  1896) ;  also  Peter  Redpath  Mu»eum 

Bvdletin,  pp.  1-18,  Montreal. 
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Oar  record  of  Canadian  earthquakes:  Can.  Soc,  Sci,,  voL  6, 1894,  pp.  S-16. 

Note  on  a  paper  on  **  Eozoonal  structure  of  the  ejected  blocks  of  Monte  Somma." 

(Publication  not  indicated.)    4  pp.,  March,  1894,  Montreal. 
The  meeting  place  of  geology  and  history.    223  pp.,  London,  New  York,  Chicago, 

Toronto. 
On  new  species  of  Cretaceous  plants  from  Vancouver  island :  Tram-  Roy,  Soc,  Cdn,, 

vol.  11,  sec.  4.     (Read  May  26,  1893.)    pp.  53-73,  pis,  5-14.    Whole  volume 

issued  1894,  Ottawa. 

1895. 

Gaston,  Marquis  de  Saporta:  (Obituary.)     Can.  Rec.  Sci,,  April,  1895,  vol.  6,  pp. 

1-3,  pp.  367-369. 
Note  on  a  specimen  of  Beluga  catoden  from  the  Leda  clay,  Montreal :  Ibid.i  April, 

1895,  vol.  6,  no.  6,  pp.  351-354,  Montreal. 
A  walk  in  a  coal  forest:  Coal  Tirade  Journal,  March,  1895,  New  York. 
Review  of  the  evidence  for  the  animal  nature  of  Eozoon  canadeiise:  Geol.  Mag., 

Decade  4,  vol.  2,  October,  November,  and  December,  1895,  London.     (Issued 

as  separate,  17  pp.) 
Synopsis  of  the  air-breathing  animals  of  the  Paleozoic  in  Canada  up  to  1894 :  Trans. 

Roy.  Soc.  Can.,  vol.  12,  sec.  4,  pp.  71-88.     (Read  May  23,  1894.)    Ottawa. 

1896. 

The  Primeval  flora  (a  lecture  given  in  New  York) :  Nat.  Sd.  News,  March  21, 1896, 

vol.  2,  no.  8,  pp.  29-32. 
Pre-Cambrian  fossils,  especially  in  Canada.     (Read  in  Geological  Section,  British 

Association,  Liverpool  meeting,  September,  1896.)     Can.  Rec.  Sd.,  July,  1896, 

pp.  157-162,  Montreal, 

1897. 

On  the  genus  Lepidophloios,  as  illustrated  by  specimens  from  the  Coal  Formation 
of  Nova  Scotia  and  New  Brunswick  :  Trans.  Roy.  Soc.  Can.,  second  series,  vol. 
3,  1897,  sec.  4,  pp.  57-78,  pis.  1-14.     (Issued  as  separate.) 

Note  on  Carboniferous  Entomostraca  from  Nova  Scotia,  in  the  Peter  Redpath 
Museum,  determined  and  described  by  Professor  T.  Rupert  Jones  and  Mr 
Kirby.  (Reprinted  from  the  Can.  Rec.  ScL,  January,  1897.)  Montreal,  pp. 
316-323.  (McGill  University,  Montreal,  paper  from  the  department  of  geol- 
ogy, no.  7.) 

Note  on  Cryptozoon  and  other  ancient  fossils:  Can.  Rec.  Sd.,  vol.  7,  pp.  203-219,  1 
pi.,  Montreal,  April,  1897. 

Relics  of  primeval  life,  336  pp.,  London,  New  York,  etc.  (Being  lectures  on  pre- 
Cambrian  fossils.    Lowell  Institute,  Boston,  1895. ) 

1898. 

Addendum  to  note  on  Nova  Scotia  Carboniferous  Entomostraca:  Can.  Rec.  Sd., 
July,  1897,  voL  7,  p.  396  (issued  July,  1898),  Montreal. 
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Communication  on  Mr  Mello's  paper  on  primitive  man :  7Van«.  Viclaria  InMiliUe, 

vol.  30,  1898,  pp.  253-  255,  London. 
Communication  on  Mr  Mello's  |>aper  on  neolitliic  man :  Jbid.^  pp.  298,  299. 

1899. 

Note  on  an  Echinoderm  collected  by  Doctor  Ami  at  Beaserers,  Ottawa  river,  in  the 
Pleistocene  (Leda  clay):  OUawa  NaluraliM,  December,  1899,  vol.  13,  pp.  201, 
202,  Ottawa. 

The  presentation  of  scientific  communications  was  declared  in  order, 
and  the  first  paper  presented  was 

PHYSIOQRAPHIC  TERMINOLOOT  WITH  SPECIAL  EBFBBBNCB  TO  LAND  FORMS 

BY  W.   M.    DAVIS 

Remarks  were  made  by  the  President. 

The  second  paper,  read  by  the  senior  author,  was  entitled  : 

CAMASLAXD,  A   VALLEY  REMNANT 
BY  GKOROiS  OTIS  SMITH   AND  OBORGB  CARROLL  CURTIS 

Remarks  were  made  by  W.  M.  Davis,  W.  G.  Tight,  and  the  senior 
author.    The  paper  is  printed  in  full  in  this  volume  as  pages  217  to  222. 

The  third  paper  was 

SOME  COAST  MIGRATIONS,  SOUTHERN  CALIFORNIA 
BY   BAILKT  WILLIS 

The  paper  is  printed  as  pages  417  to  432  of  this  volume. 
The  last  paper  of  the  morning  session  was  then  read : 

SUBMERGED  FOREST  OF  THE  COLUMBIA  RIVER 
BY  G.    K.    GILBKRT 

The  paper  was  discussed  by  S.  F.  Emmons,  J.  A.  Holmes,  and  G.  B. 
Shattuck. 

The  Society  adjourned  for  luncheon,  and  reassembled  in  the  after- 
noon.   The  first  paper  of  the  afternoon  session  was  the  following : 

PHYSIOGRAPHIC  DEVELOPMENT  OF  THE  WASHINGTON  REGION 
BY   N.    H.   DARTON 

Remarks  upon  the  subject  of  the  paper  were  made  by  W.  M.  Davis. 
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Fitjrur.  1.— ViKW  Noktiiwmtwaro  from  Summit  of  Harney  Pf.ak 


Fn.iRK  2.— Syi.vas   Lakk,  Smith   I>AkiiT\ 
Artificially  foniuMi  lak«'  in  M>utlu'rri  uraiiite  area  of  Hhu'k  IlilU 


SUMMIT  OF  HARNEY  PEAK  AND  SYLVAN  LAKE 
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The  second  paper  was 

EROSION  FORMS  IN  HARNEY  PEAK  DIS  TRICT,  SOUTH  DAKOTA 
BY   BDMUND  OTIS   HOVBY 

[Absiract  uith  discumon^ 

• 

The  pre-Gambrian  geology  of  the  Black  hills  of  South  Dakota  has  been  ably  treated 
by  Van  Hise*  before  this  Society,  and  by  Newton, t  Crosby,!  Carpenter,}  and 
others  elsewhere,  and  the  present  paper  does  not  presume  to  attempt  to  add  to  the 
geological  facts  brought  out  by  these  observers.  The  surface  features,  however, 
of  the  granitic  region  near  Harney  peak  are  so  very  peculiar  that  the  verbal  de- 
scriptions of  N.  H.  VVinchell  ||  and  Newton  1[  convey  but  an  inadequate  idea  of  the 
relief  of  the  country,  and  a  reproduction  of  some  photographs  taken  last  summer 
(1899)  may  not  be  without  some  value. 

The  so  called  granite  area  forming  the  Harney  Peak  district  and  the  culminat- 
ing point  of  the  Black  hills  is  an  irregular  oval  about  16  miles  long  from  north  to 
south  and  10  miles  wide,  but  it  is  by  no  means  all  granite.  The  central  portion, 
including  Harney  peak,  shows  nothing  but  the  coarse  grained  granite,  the  valleys 
between  the  resistant  ridges  being  covered  with  soil  and  bearing  forests  of  the 
Rocky  Mountain  pine  up  to  the  vertical  walls  of  the  granite  ridges,  so  that  no 
other  rock  seems  to  be  exposed.  The  outer  portion  of  the  area,  however,  consists 
of  numerous  lenses  or  bosses  of  granite  which  have  forced  their  way  up  through 
the  mica-schists  of  the  general  ragion.  The  schists  have  suffered  most  from  ero- 
sion and  have  left  the  granite  standing  in  high,  narrow  ridges,  the  summits  of 
which  rise  from  200  to  500  feet  above  the  intervening  valleys,  and  are  often  wholly 
inaccessible.  The  granite  is  intersected  by  numerous  joint  planes,  and  erosion 
has  progressed  in  such  a  way  as  usually  to  produce  sharp  pyramidal  and  needle- 
like forms  in  the  rock.  The  ends  of  the  lenses  being  narrower  than  the  middle, 
the  terminal  needles  have  disintegrated  and  worn  down  more  rapidly  than  the 
others,  and  the  upper  portion  of  a  vertical  section  is  elliptical,  a  form  which  may 
or  may  not  correspond  with  the  original  shape  of  the  lense.  This  feature  is  well 
shown  in  figure  I  of  plate  55,  which  represents  the  end  of  a  ridge  descending  into 
the  valley  between  two  other  ridges.  That  there  has  been  no  glaciation  of  the 
re^on  is  indicated  by  tliese  jagged  forms  and  the  absence  of  grooved  and  polished 
surfaces  and  erratics. 

Figure  1  of  plate  53  shows  a  part  of  the  view  northwestward  from  the  summit 
of  Harney  peak.  The  ridges  of  granite  are  seen  projecting  above  the  tree  tops. 
The  heavily  wooded  hills  in  the  near  distance  are  of  schist.  The  outlook  in  every 
di  rection  from  the  peak  shows  how  intricate  is  the  network  of  these  lenses.    Figure 


*  O.  R.  Van  Hi.se  :  The  pre-Cambrian  rockn  of  the  Black  hills.  Bull.  Geol.  Soc.  Am.,  vol.  1,  1890, 
pp.  203-244. 

t  Henry  Newton,  E.  M.,  and  Walter  P.  Jenny,  E.  M.:  Report  on  the  geology  and  reMOurcesof  the 
Hlack  hilU  of  Dakota,  with  atla.s,  4to,  WaHhington,  IH8U. 

t  W.  O.  Crosby  :  Geology  of  the  Black  hills  of  Dakota.  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  23,  18*t8, 
pp.  488-517. 

g  Franklin  R.  Carpenter:  Preliminary  n»port  of  the  Dakota  School  of  Mines  upon  the  geology, 
mineral  resources,  and  mills  of  the  Black  hills  of  Dakota,  1H88. 

It  William  Ludlow  :  Report  of  a  reconnaissance  of  the  Black  hills  of  Dakota,  made  in  the  sum- 
mer of  1874,  4to,  Washington,  1«75 ;  (Jcological  report  by  N.  H.  Wiufihcll,  pp.  'H-m.     Pp.  42-46. 

f  Geology  of  the  Black  hills,  pp.  06-80. 
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2  of  the  same  plate  gives  a  good  general  idea  of  the  jointing  in  the  broad  portion 
of  a  long  granite  ridjfe  at  Sylvan  lake,  alx>ut  4  miles  south  of  Harney  peak.  The 
lake  has  been  formed  artificially  by  throwing  a  dam  across  a  narrow  gorge  thronjfh 
which  a  small  stream  finds  its  way.  It  is  evidently  not  a  **rock  basin."  The 
granite  here  contains  a  large  proportion  of  muscovite,  so  much  in  fact  that  the  at- 
tempt has  been  made  to  exploit  it  commercially.  This  ridge  is  comparatively 
broad  and  ihe  forms  produced  by  disintegration  and  erosion  are  more  rounded 
than  they  are  in  some  other  parts  of  the  diatrict.  The  most  striking  and  interest- 
ing of  the  erosion  forms  are  those  to  be  seen  in  **  Cathedral  park,"  a  small  area 
about  2  miles  southeast  of  Harney  peak,  where  the  narrow  ridges  of  granite  have 
been  weathered  into  a  remarkable  series  of  jagged  pinnacles,  a  few^  views  of  which 
are  reproduced  on  plates  54,  55,  and  56.  The  ridges  now  standing  are  divided  into 
plates  theiong  diameters  of  which  are  paniUel  with  the  main  system  of  joints  in 
the  region,  or  about  northwest  and  southeast.  The  main  system  of  joint  planes  is 
crossed  at  various  angles  by  subordinate  planes  of  fissure.  The  weathering  has 
been  most  extensive  along  the  more  persistent  joints,  and  the  combination  has 
produced  the  almost  endless  variety  of  jagged  forms  which  characterize  the  Har- 
ney Peak  district.  Degradation  along  strong  fractui-e  planes  nearly  at  right  angles 
to  one  another  has  produced  the  angular  shafts  in  the  granite  which  are  indicated 
in  figure  1,  plate  56.  These  shafts  are  bare  of  fresh  debris,  their  bottoms  being 
well  grassed  over. 

The  pegmatitic  character  of  some  of  the  ridges  near  the  outer  portion  of  the 
main  granitic  area  about  Harney  peak,  in  the  Black  Hills,  is  shown  on  a  gi^ntic 
scale  in  the  knoll  which  forms  the  principal  working  of  the  famous  Etta  tin  mine. 
This  is  a  mass  of  albite,  quartz,  and  greenish  white  muscovite  in  which  occur  enor- 
mous crystals  of  spodumei^.  The  rock  carries  a  small  amount  of  cassiterite  and 
some  columbite,  and  has  been  called  *'greisen,"  incorrectly,  by  the  miners,  on  ac- 
count of  the  presence  of  the  tin  ore.  The  spodumeue  crystals  lie  at  all  angles  in 
the  matrix,  like  so  many  great  sticks  of  timber,  and  a  few  of  them  are  shown  in 
figure  2  of  plate  56.  One  crystal  that  I  measured  roughly  in  the  side  of  one  of  the 
old  adits  was  more  than  30  feet  long  and  30  inches  wide.  The  crystals  are  crossed 
by  numerous  fissures,  are  bounded  by  imperfect  planes,  and  all  seem  to  lie  on  ed>^ 
in  the  rock.  None  were  observed  which  had  been  disturbed  by  faulting.  Many 
were  surrounded  by  zones  of  alteration  products.  The  spodumene  was  thrown 
on  the  dump  while  the  property  was  being  worked  for  tin,  but  now  it  is  being 
quarried  in  a  small  way  for  commercial  purposes  for  its  lithia  content,  the  caasiterite 
being  thrown  to  one  side. 

In  the  discussion  which  followed  S.  F.  Emmons  said  : 

The  granite  needles  apparently  result  from  the  wearing  away  of  the  softer  echistf 
that  once  surrounded  them.  The  schists  are  generally  covered  by  sarfieux  acca- 
mulatious  and  rarely  show  distinct  outcrops.  Inclusions  of  them  are,  however, 
found  in  the  central  granite  mass  of  Harney  peak,  and  a  section  is  exposed  in  a 
road  cutting  near  the  hotel.  With  increased  distance  from  the  central  Harney 
Peak  mass  the  granite  bodies  assume  a  more  distinctly  lenticular  form,  and  stand 
out  more  and  more  isolated  in  the  forest  covered  region  where  few  outcrops  of 
rocks  other  than  granite  can  be  detected.  On  the  outer  edges  of  the  area  in 
which  granite  exposures  are  found,  the  granite  assumes  the  form  of  flat-lying 
.  pegmatite  veins  dipping  gently  away  from  the  Harney  Peak  mass. 
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Remarks  were  also  made  by  J.  B.  Wood  worth,  A.  C.  Spencer,  and  the 
President. 

The  third  paper  was 

TOPOGRAPHIC  FEA  TURKS  OF  OHIO 
BY   W.    O.   TIGHT 

The  subject  was  discussed  by  M.  R.  Campbell,  I.  C.  White,  and  the 
author. 

The  next  paper  was  by  the  same  author,  as  follows : 

DRAINAGE  MODIFICATIONS  IN  SOUTHEASTERN  OHIO 
BY   yr.    G.   TIGHT 

Remarks  upon  this  paper  were  made  by  M.  R.  Campbell,  I.  C.  White, 
and  the  author. 

The  following  paper  was  then  read  : 

LANDSLIDES  OF  THE  RICO  MOUNTAINS,  COLORADO 
BY   WHITMAN   CROSS 

[Abstract  with  dUcussionI 

The  Rico  mountains,  in  southwestern  Colorado,  are  due  to  the  erosion  of  a  local 
domatic  uplift.  The  sedimentary  formations  affected  embrace  the  Algonkian,  De- 
vonian, Carboniferous,  Pernio  Carboniferous,  Juratrias,  and  Cretaceous.  Many 
intrusive  dikes,  sheets,  and  small  laccoliths  of  diorite — or  monzonite- porphyry 
o(?cur  in  this  complex.  A  large  monzonite  stock  penetrates  all  rocks  above  men- 
tioned. Intense  and  complicated  faulting  has  taken  place  in  the  heart  of  the  uplift, 
and  there  has  been  a  great  amount  of  mineralization,  forming  argentiferous  ore 
bodies  of  many  types. 

Landslides,  occurring  in  a  recent  geological  epoch,  are  very  prominent  features 
of  the  looal  geology.  These  lanclslide  areas  will  \m  described,  the  relation  of  the 
phenomena  to  other  elements  of  the  geological  history  will  be  discussed,  and 
hypotheses  of  their  origin  set  forth  in  the  paper  when  printed. 

In  the  discussion  of  the  subject  of  Mr  Cross'  paper,  Mr  J.  B.  Wood-' 
worth  said  in  substance : 

Landslips  occur  near  the  head  of  Warm  Springs  creek,  in  the  Gravelly  range  in 
Montana.  Here  the  movement  has  taken  place  on  westward  dipping  water- 
bearing Cretaceous  strata.  The  slides  simulate  small  moraines,  enclosing  lakelets, 
and  might  be  mistaken  for  glacial  deposits,  which  also  occur  in  the  vicinity. 

Mr  George  Otis  Smith  spoke  as  follows : 

In  the  Mount  Stuart  quadrangle  in  Washington  the  occurrence  of  landslides  is 
the  rnle  rather  than  the  exception.     Professor  Russell  flret  called  attention  to  these 
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phenomena  in  central  WastiiDgtou,  and  the  sabeequent  mapping  of  this  quadrangle 
has  shown  that  landslides  occur  in  every  formation  ex  oept  the  granodiorite.  They 
vary  in  extent  from  blocks  a  few  yards  across  to  areas  of  slipped  rock-masses  that 
measure  miles.  These  landslides  also  vary  much  in  age,  some  showing  terraces 
carved  u(>on  them  in  early  Pleistocene  time,  others  so  fresh  that  vegetation  has 
not  yet  gained  a  foothold,  while  cracks  at  some  distance  back  from  the  escarp- 
ments show  the  l>eginnings  of  future  landslides. 

Remarks  were  also  made  by  W.  M.  Davis  «nd  W.  H.  Niles.  ^ 

The  last  paper  presented  on  Wednesday  was  the  following  : 

FAULT  SCARP  IN  THE  LEPINI  MOUNTAINS,  ITALY 
BY   W.    M.    DAVIS 

This  paper  is  printed  as  pages  207-216  of  this  volume. 


Session  of  Wednesday  Evening,  December  27 

The  Society  convened  at  8.30  o'clock  for  the  presidential  address, 
which  was  read  with  the  aid  of  lantern  views.    The  address  was  entitled 

THE  TBTBAHEDRAL  EARTH  AND  ZONE  OF  THE  INTERCONTINENTAL  SEAS 
BY  TRB  PRKSIDENT,    BBSJAUIN   K.    KMBRSON 

The  addresji  is  printed  as  pages  61-106  of  this  volume. 


Session  of  Thuksday,  Dkcember  28 

The  Society  convened  at  9.30  o'clock  a  m,  the  President  in  the  chair. 

The  report  of  the  Council  was  taken  from  the  table  and  adopted  with- 
out remarks. 

Doctor  E.  O.  Hovey  reported  that  the  Auditing  Committee  had  found 
the  accounts  of  the  Treasurer  correct,  and  the  Society  adopted  the  report. 

The  Committee  on  Photographs  submitted  its  report  as  follows : 

TENTH  ANNUAL  REPORT  OF  COMMITTEE  ON  PHOTOGRAPHS 

The  committee  have  to  report  the  addition  of  35  views,  bringing^  the 
full  number  in  the  collection  up  to  1,913.     A  list  of  these  is  given  below. 

The  number  of  accessions,  it  will  be  noted,  is  comparatively  small. 
This  is  due  in  part  to  the  apathy  of  the  members  of  the  Society  and  in 
part  to  the  fact  that  the  chairman  has  not  felt  it  advisable  to  continue 
longer  to  accept  without  discrimination  all  that  were  offered. 
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The  collection  is  already  so  large  that  its  proper  care  and  exhibition 
on  desired  occasions  is  a  somewhat  serious  matter,  and  it  is  felt  that  the 
wants  of  the  Society  will  be  best  subserved  by  selecting  only  such  views 
as  illustrate  to  advantage  some  particular  phase  of  geological  phenomena. 

The  chairman  calls  attention  of  members  to  the  fact  that  it  is  impos- 
sible for  the  committee  to  know  in  all  cases  what  material  is  available, 
and  asks  that  those  having  such  will  communicate  promptly  with  him, 
and,  if  possible,  send  in  their  donations  a  month  prior  to  the  December 
meeting. 

The  committee  asks  a  continuation  of  the  appropriation  of  $15  for 
expenses  during  1900. 

Respectfully  submitted.  George  P.  Merrill, 

Chairman, 

Presented  by  the  United  Slates  Geological  Survey 

One  photograph,  6  by  8  inches,  by  C.  D.  Walcott 

1879.  Mouth  of  Fountain  geyser,  shortly  before  eruption,  Yellowstone  National 
park,  1898. 

Fifteen  photographs,  5x7  inches,  by  G.  K.  Gilbert 

1880  (281).  Drift-strewn  surface,  laid  bare  within  twenty  years  by  the  Hugh  Miller 

glacier,  Glacier  bay,  Alaska. 

1881  (333).  Push  moraine  of  Crillon  glacier,  Alaska,  showing  disturbed  forest. 

1882  (356).  Push  moraine,  made  probably  in  1892  by  the  Columbia  glacier,  Alaska. 

1883  (370)    Section  of  moraine  ridge  on  Hidden  glacier,  Alaska,  showing  protec- 

tion of  ice  from  ablation  by  a  veneer  of  drift. 

1884  (371).  Freshly  formed  kettle  hole  in  gravel  derived  from  the  Hidden  glacier, 

Alaska. 

1885  (372).  Gravel  waste  plain  of  the  Hidden  glacier,  Alaska,  showing  incipient 

kettle  hole. 

1886  (395).  Cleavage  in  Yakutat  shales,  near  Kadiak,  Alaska;  more  nearly  vertical 

in  argillaceous  (darker)  strata  than  in  arenaceous  (paler)  strata. 

1887  (399).  Drowned  foreland,  Kadiak,  Alaska. 

1888  (470,  471).  Delta  in  Grastineau  channel  at  Juneau,  Alaska,  as  seen  at  low  tide. 

1889  (506).  Dunes,  Biggs,  Oregon. 

1890  (507).  Dunes,  Biggs,  Oregon. 

1891  (509).  Dunes,  Biggs,  Oregon. 

1892  (513).  Wind-made  ripples  on  dune,  Biggs,  Oregon. 

1893  (514).  Wind-made  ripples  on  dune,  Biggs,  Oregon. 

1894  (527).  Spheroidal  structure  in  volcanic  rock.    One  mile  east  of  Cascade  locks, 

Oregon. 

Seventeen  photographs,  8  x  10  inches,  by  N.  H.  Dartou 

1895  (637).  Big  Badlands  of  South  Dakota,  east  side  of  Cedar  draw,  Washington 

county.     Columns  capped  by  sandstone,  White  River  formation. 
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1896  (643).  Big  Badlands  of  South  Dakota,  head  of  Cedar  draw,  WaBhingion 

county.    Erosion  forms  in  Titanotherium  sands. 

1897  (648).  Big  Badlands  of  South  Dakota,  east  side  of  Cedar  draw,  Washington 

county.    Columns  of  sandy  clay  capped  by  sandstone. 

1898  (647).  Big  Badlands  of  South  Dakota.    A  portion  of  the  divide  between  BaUle 

draw  and  Cedar  draw.    Oreodon  beds  of  White  River  formation. 

1899  (642).  Big  Badlands  of  South  Dakota,  looking  across  head  of  Battle  draw, 

Washington  county,  South  Dakota.  Titanotherium  beds  in  middle- 
ground,  overlain  by  Oreodon  beds  on  the  higher  slopes.  Late  after- 
noon view. 

1900  (585).  Little  Sundance  dome  east  of  Sundance,  Wyoming.    Purple  limestone 

and  underlying  beds  uplifted  by  a  laccolite. 

1901  (595).  Concretions  in  Laramie  sands,  Weston  county,  Wyoming. 

1902  (673).  Fossil  tree  in  Lower  Cretaceous  sandstone  southwest  of  Minnekahta 

station.  South  Dakota.    Southern  Black  hills. 

1903  (672).  Thermal  spring  at  Cascade  springs.  South  Dakota.    Black  hills. 

1904  (618).  Granite  needles  near  Harney  peak,  South  Dakota.    Black  hills 

1905  (619).  Granite  needles  near  Harney  peak,  South  Dakota.    Black  hills,  near 

view.    Telephoto. 

1906  (622).  '*  Hogbacks  "  of  Dakota  sandstone  on  south  side  of  Buffalo  gap,  Black 

hills,  South  Dakota,  looking  southwest. 

1907  (670).  Grindstone  quarry  in  Dakota  sandstone  north  of  Edgmont,  South  Da- 

kota.   Southern  margin  of  Black  Hills  uplift 

1908  (593).  Sink-hole  in  Minnekahta  limestone  east  northeast  of  Cambria,  Wyo- 

ming. 

1909  (587).  A  typical  tepee  butte,  Weston  county,  Wyoming,  due  to  limestone 

lense  filled  with  Lucina  occidenialU,  in  Pierre  shale. 

1910  (651).  Minerva  terrace,  Mammoth  Hot  springs,  Yellowstone  park,  Wyoming. 

1911  (667).  Paint  pots  near  Fountain  hotel,  Yellowstone  park,  Wyoming. 

Presented  by  the  United  Stales  NtUional  Museum 

Two  views,  7i  by  9J  inches,  by  George  P.  Merrill 

1912,  1913.  Two  photographs  of  faulted  sandstone  in  National  Museum.    Samples 
collected  by  N.  H.  Darton. 

The  report  of  the  Photograph  Committee  was  adopted  and  the  appro- 
priation of  $15  voted. 

The  ninth  annual  report  of  the  Photograph  Committee  for  the  year 
1898  (see  the  Bulletin,  volume  10,  page  463)  was  presented  by  J.  F.  Kemp, 
and  adopted. 

The  chairman  of  the  Committee  on  Photographs,  Mr  George  P.  Merrill, 
submitted  his  resignation,  desiring  to  be  relieved  after  five  years  of 
service.  After  some  remarks  of  appreciation  of  the  successful  labors  of 
the  chairman,  his  resignation  was  accepted.  The  remaining  members 
of  the  committee,  J.  K.  Kemp  and  \V.  M.  Davis,  also  resigned,  and  their 
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resignations  were  accepted.*    The  Society  then  elected  N.  H.  Darton  as 
the  Committee  on  Photographs. 

The  Secretary  read  the  following  letter  concerning  the 

ORGANIZATION  OF  THE  CORDILLERAN  SECTION 

Berkeley,  California,  March  fS9,  1899, 
To  Uie  Council  of  the  Geological  Society  of  America. 

Gentlemen:  As  a  result  of  the  uneven  distribution  of  population  in  North 
America,  the  convenience  of  the  majority  of  the  Fellows  determines  that  the  meet- 
ings of  the  Society  shall  usually  be  held  at  the  greater  centers  of  population  in  the 
eastern  part  of  the  United  States  or  Canada.  Fellows  of  the  Society  resident  on 
the  Pacific  slope  can  attend  such  meetings  only  at  a  great  expenditure  of  time  and 
money,  and  are  thus  placed  at  a  disadvantage ;  they  are,  indeed,  practically  de- 
terred from  participating  in  the  chief  benefit  which  arises  from  membership  in  the 
Society,  namely,  personal  intercourse  with  fellow-geologists  gathered  in  meetings 
for  scientific  discussion. 

We,  the  undersigned  Fellows  of  the  Society,  resident  on  the  Pacific  slope,  there- 
fore respectfully  propose  that  the  Society,  recognizing  the  great  extent  of  the 
country  and  the  geographical  distribution  of  its  Fellows,  amend  its  constitution  so 
as  to  permit  of  the  organization  within  the  Society  of  a  section  embracing  Fellows 
resident  in  the  western  pail  of  the  country  who  desire  to  meet  for  the  reading  of 
papers,  scientific  discussion,  and  social  intercourse  at  times  and  places  independent 
of  the  stated  meetings  of  the  Society. 

We  therefore  respectfully  request  your  honorable  body  to  formulate  and  submit 
to  the  Society  at  its  next  regular  meeting  an  amendment  to  the  constitution  hav- 
ing this  end  in  view. 

Very  respectfully, 

(Signed)  Joseph  Lb  Conte. 

E.  W.  Hilqard. 

r.  h.  loughridge. 

John  C.  Merriam. 

Andrew  C.  Lawson. 

J.  C.  Brannbr. 

E.  W.  Claypolb. 

H.  W.  Fairbanks. 

The  Secretary  stated  that  some  correspondence  had  passed  between 
Professor  Lawson  and  himself  previous  to  the  meeting  of  the  Council ; 
that  the  Council  had  considered  the  matter  and  recommended  to  the 
Society  the  authorization  of  the  Cordilleran  Section  under  such  rules 
and  conditions  as  the  Council  may  prescribe ;  also  that  the  Pacific  Coast 
Fellows  were  planning  to  hold  a  meeting  at  San  Francisco,  Friday  and 
Saturday,  December  29  and  30. 

♦The  Committee  on  Photogrftphs  was  originiilly  appointed  !n  August,  189<),  and  consisted  of 
J.  S.  Diller,  chairman,  J.  F.  Kemp,  and  W.  M.  Davis.  In  December,  1804,  O«*orge  P.  Merrill  suc- 
ce«»de<l  Mr  Diller  oh  chnirmnn. 
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Mr.  Bailey  Willis  moved  the  adoption  of  the  Council's  recommenda- 
tion, favoring  tlie  action  from  a  personal  knowledge  of  the  circumstances. 
The  subject  was  debated  at  length.  No  one  spoke  in  positive  opposi- 
tion, but  some  Fellows  expressed  doubt  and  anxiety  as  to  the  effect  of 
the  movement.    The  recommendation  of  the  Council  was  adopted. 

The  matter  of  the  correct  pronunciation  of  "  CortUlleran  "  was  brought 
up  by  W.  M.  Davis,  and  it  was,  by  vote,  referred  to  the  Council  for  sub- 
sequent report  to  the  Society. 

Mr  C.  D.  Walcott  read  a  letter  from  the  First  Vice-President,  Dr 
George  M.  Dawson,  expressing  regret  at  his  inability  to  attend  the  meet- 
ing, and  the  Secretary  presented  a  letter  of  similar  import  from  Professor 
N.  H.  Winchell,  Second  Vice-President  elect. 

The  first  paper  of  the  scientific  program  was  entitled 

DEPOSITS  OF  CALCAREOUS  MARL  IN  MICHIOAN 
BY  JBRABL  C.    RUSSELL 

Remarks  were  made  by  J.  F.  Kemp  and  J.  M.  Clarke. 
The  second  paper  was 

GLACIAL  ORIGIN  OF  OLDER  PLEISTOCENE  IN  GA  7  HEAD  CLIFFS,  WITH  NOTE  05 
FOSSIL  HORSE  OF  THAT  SECTION 

BY  J.   B.    WOODWORTH 

The  subject  of  the  paiier  was  discussed  by  \V.  G.  Tight  and  the  author. 
The  paper  is  printed  as  pages  455  to  460  of  this  volume. 

The  third  paper  was  by  the  Secretary,  and  consisted  chiefly  of  a  series 
of  lantern  views. 

BEACH  STRUCTURES  IN  MEDINA  SANDSTONE 
BY  H.    L.    FAIRCHILD 

Remarks  upon  the  paper  were  made  by  C.  W.  Hayes  and  H.  S. 
Williams. 

The  fourth  paper  was  the  following : 

GLACIAL  EROSION  IN  THE  AAR  VALLEY 
BY   ALBERT  P.    BRIGHAH 

[AbMraet  with  discussion'] 

The  writer  spent  three  days  of  Aiij^iist,  1899,  in  the  Aar  valley  above  Meiringen. 
The  powerful  ahmsion  of  the  crystalline  rocks  al)ont  the  Grimsel  liospicehas  b«»n 
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described  by  Agassiz  and  others.  This  is  seen  in  the  great  dome,  which  rises  to  a 
height  of  350  feet  between  the  Grimsel  lakes  on  the  south  and  the  torrent  of  the 
Aar  on  the  north.  It  also  appears  in  the  north  wall  of  the  gorge  at  this  point,  in 
the  rdches  inoutoun^es  of  the  Grimsel  pass,  and,  indeed,  everywhere,  save  on  the 
recently  weathered  and  frost-riven  summits  of  the  surrounding  mountains. 

Attention  was,  however,  specially  directed  to  a  series  of  rock  basins,  of  which 
several  lie  between  the  Aar  glacier  and  the  Handeck  fall,  a  distance  of  about 
7  miles.  Nearly  all  of  them  are  now  filled  with  torrential  debris,  brought  from  the 
glacier ;  at  least  they  are  filled  up  to  the  plane  to  which  the  rim  of  the  original 
basin  has  been  cut  by  the  powerful  existing  stream. 

The  first  of  these  basins  extends  from  the  front  of  the  lower  Aar  glacier  eastward 
for  more  than  a  mile,  and  is,  on  the  average,  one-fonrth  of  a  mile  wide.  It  is  im- 
possible to  say  how  far  westward  the  basin  would  be  found  to  continue  were  the 
glacier  to  disappear.  It  seems  probable  that  it  may  extend  several  miles,  or  nearly 
to  the  Abschwung,  when  we  take  account  of  the  long  existence,  strong  descent, 
stardy  tributaries,  and  consequently  vigorous  work  of  such  an  ice-stream.  The 
present  floor  of  this  aggraded  basin  is  morainic  about  the  glacier  front  for  a  short 
distance,  but  for  the  most  part  is  a  flat  ground  of  coarse  gravel  and  cobblestones, 
traversed  irregularly  by  the  wandering  river  as  it  issues  from  its  subglacial  course. 
Near  the  Grimsel  bospice  a  barrier  of  the  bed  rock,  powerfully  glaciated  and  about 
100  feet  high,  reaches  out  from  the  south  wall  of  the  valley  to  the  recently  cut  gorge 
which  carries  the  stream  under  the  north  wall.  Between  this  barrier  and  the 
hospice  is  another  floor  of  an  aggraded  basin,  the  Spitalboden,  about  one-third  of 
a  mile  long,  followed  by  the  rocky  rim,  over  which  the  river  enters  the  narrow 
gorge,  below  the  post  road  and  north  of  the  hospice. 

About  one  mile  below  this  point  the  river,  descending  rapidly,  issues  from  the 
gorge  upon  the  Ratherichsboden,  an  alluvial  floor  similar  to  those  already  described. 
It  is  about  one-half  mile  long  and,  like  the  others,  marks  a  section  of  the  valley  in 
which  a  deep  and  broad  gouge  was  made  by  the  glacier.  At  the  northern  end  of 
Ratherich8lK)den  the  river  enters  a  V-shaped  gorge  between  spurs  which  close  in 
from  either  side  of  the  valley.  Both  of  these  are  strongly  and  beautifully  rounded 
by  glacial  abrasion,  and  immediately  above  them  Bachlisbach  enters  on  the  west 
and  Gerdtenbach  on  the  east.  The  localities  here  given  all  appear  on  sheets  597 
(Guttannen)  and  490  (Obergeatelen)  of  the  Swiss  topographic  survey,  but  the  con- 
touring and  hachures  give  but  a  poor  idea  of  the  striking  alternation  of  lobe  like 
basins  with  V-shaped  gorges,  which  it  is  the  object  of  this  paper  to  notice.  The 
walls  of  the  gorge  below  Bachlisbach,  as  of  some  others  of  the  series,  are  glaciated 
nearly  to  the  bottom. 

Passing  this  gorge  a  fourth  basin  appears,  with  lofty  and  strongly  scored  slopes. 
This  basin  contains  but  a  small  floor  of  alluvium,  and  indicates  but  slight  excava- 
tion below  the  level  of  the  stream  as  it  passes  into  the  next  constricted  section. 
This  gorge,  also  V-sliaped,  with  glaciated  walls,  leads  down  to  the  spacious  basin 
above  the  famous  Handeck  fall.  The  greater  part  of  the  basin  Is  now  floored  with 
wide-spreading  fans,  built  by  torrents  descending  from  the  west.  Opposite  Handeck 
we  have  lateral  spurs  closing  in,  though  not  so  narrowly  as  below  Ratherichsboden. 
Between  Handeck  and  Guttannen,  and  also  between  Guttannen  and  Innertkirchen, 
similar  irregularities  or  alternations  of  glacial  excavation  occur,  but  none  is  so  con- . 
spicuous  as  those  already  described.    The  last  named  village  lies  on  a  fine  floor  of 
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an  ancient  lake,  a  vale  well  known  to  travelers  who  liave  visited  the  icreat  goiige  of 
the  Aar  above  Meirin^iieu.  It  is  not  the  object  of  this  (>aper  to  describe  this  locality, 
except  to  observe  that  we  have  here  apparently  a  case  of  erosion  similar  to  tho6« 
seen  about  the  Griiusel.  This  basin  has  been  described  as  a  product  of  glaciation, 
though  some  Swiss  observers,  notably  Ueim,  hold  otherwise. 

In  general,  the  basins  appear  to  mark  points  of  eifective  ic-e-work,  and  seem,  in 
several  cases  at  least,  to  lie  at  the  foot  of  wiiat  must  have  been  a  sharp  descent  of 
the  ice,  and  therefore  a  place  of  strong  abrasion.  The  Grimsel  lakes  occupy  simiUr 
basins,  and  seem  to  have  escaped  the  tilling  to  wliich  the  others  have  been  sub- 
jected by  being  left  out  of  the  track  of  the  debris- laden  torrent 

Below  the  lower  Aar  glacier,  on  the  south  side,  a  stream  descends  over  the  steep 
cliflf  fa/cej  carrying  the  waters  of  the  upper  Aar  glacier.  The  lateral  valley  enters 
its  principal  some  hundreds  of  feet  above  the  floor  of  the  latter,  and  thus  is  a 
typical  case  of  the  hanging  valley,  interpreted  by  Davis  and  others  as  due  to  more 
effective  glacial  erosion  in  the  trunk  valley,  in  contrast  with  the  law  of  ordinary 
stream  and  valley  d.evelopment,  by  which  the  chief  and  lateral  valleys  are  graded 
to  the  same  level  at  the  point  of  union.  Similar  hanging  valleys  enter  from  east 
and  west  at  Innertkirchen.  Another  enters  the  Rhone  valley  from  the  east,  imme- 
diately adjoining  the  fall  of  the  Rhone  glacier,  and  other  cases  may  be  seen  alooi; 
the  same  valley,  between  Visp  and  Martigny. 

In  discussion  of  Professor  Brighain's  paper,  W.  M.  Davis  showed  some 
lantern  views  illustrating  the  topic,  and  made  the  following  remarks: 

The  discordance  between  the  depth  of  a  main  valley  and  that  of  its  tribataries, 
as  shown  by  Professor  Brigham  in  the  case  of  the  Aar,  is  very  striking  in  the 
glaciated  areas  of  the  Alps.  No  locality  exhibits  the  discordance  better  than  the 
\alley  of  the  Ticino,  fallowed  by  the  Saint  Gotthard  railway  southward  frrmi 
the  great  tunnel  into  Italy.  The  main  valley  is  not  a  gorge,  but  a  broa<.l  trough, 
gravel -floored,  and  with  steep,  cliff-like  walls  for  several  hundi*ed  feet  of  heijrhi, 
above  which  the  mountain  slopes  flare  out,  as  if  they  were  the  upjH^r  parts  of  a 
more  ordinary  V-Bhaj)ed  valley.  The  side  valleys  are  V-shajied  in  erostt-set-tion, 
and  the  streams  from  them  cascade  into  the  main  valley,  thus  repeating  the  features 
shown  by  Professor  Brigham  at  several  points  in  the  valley  of  the  Aar.  Althoiijfli 
most  writers  on  glacial  erosion  have  given  little  importance  to  the  discordance  of 
main  and  side  valleys  in  glaciated  regions,  and  although  the  discordance  is  ex- 
plained by  so  experience<l  an  observer  as  Heim  as  a  result  of  normal  river  erosi'm 
after  a  period  of  uplift  (the  river  of  the  main  valley  outstripping  the  streams  of  the 
side  valleys  in  the  work  of  valley  deepening  and  widening),  the  greater  depth  and 
breadth  of  the  main  valley  than  of  the  side  valleys  is  by  several  Alpine  observers 
not  only  held  to  be  beyond  explanation  by  other  than  glacial  action,  but  to  be  in 
itself  an  excellent  index  and  measure  of  such  action.  It  seems  at  first  as  if  the 
discordant  floors  of  glaciated  valleys  were  abnormal.  They  do  not  appear  to  fciH 
under  the  general  relation -the  accordant  levels  of  nuiin  and  tributary  valley 
floors— that  was  employed  at  the  beginning  of  the  century  by  Playfair  as  one  of 
the  best  proofs  that  valleys  are  eroiled  by  the  rivers  that  occupy  them.  But* 
closer  examination  shows  that  glaciated  valleys  are  not  abnormal  in  this  re8j>ect 
(irlacierd  are  slow  niovini?  streiHiH  ;  the  croiH-.si'ction  of  their  beil  is  a  considerahit* 
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part  of  the  valleys  which  they  occupy.  Water  streams  are  nimble ;  the  cross-flec- 
tion of  their  beds  is  but  a  small  part  of  their  valleys.  Moreover,  river  beds  are 
seldom  visible,  being  usually  occupied  by  water;  but  today  the  beds  of  former 
glaciers  are  evacuated  by  ice,  and  are  so  plainly  laid  bare  that  they  are  generally 
regarded  as  a  part  of  the  valleys  in  which  they  have  been  excavated.  The  water 
surface  of  rivers  and  the  floor  of  their  valleys  are  graded  to  accordant  junction, 
but  if  the  water  were  dried  away  the  bed  of  a  small  branch  stream  would  be  found 
distinctly  slmllower  than  that  of  a  large  main  trunk ;  a  distinct  break  might  occur 
between  the  level  of  the  two.  So  with  valleys  that  are  now  occupied  by  glaciers. 
The  surface  of  the  confluent  ice-streams  and  the  slopes  of  the  valleys  above  ice- 
level  are  normally  related  to  each  other,  but  the  beds  of  the  smaller  ioe-streams 
are  not  worn  so  deep  as  that  of  the  larger  ones,  and  when  the  ice  disappears  the 
discordance  of  the  larger  and  smaller  glacier  beds  may  become  a  striking  feature 
of  the  landscape.  The  water  streams  which  then  perform  the  drainage  of  the  region 
may  for  a  considerable  post-glacial  period  possess  strong  cascades  where  the  side 
valleys  open  on  the  main  valley  walls. 

G.  K.  Gilbert  said 

That  glaciat ion  was  not  the  only  process  causing  discordance  between  main  valleys 
and  their  tributaries,  and  cited  the  canyon  of  the  Virgen  river  through  Juratrias 
sandstones  and  the  canyon  of  the  Columbia  river  through  the  Cascade  range  as 
instances  of  trunk  streams  corrading  go  rapidly  as  to  outstrip  their  feeble  aflluents 
and  leave  the  truncated  gorges  of  the  latter  stranded  high  in  the  canyon  walls ;  but 
such  a  process  does  not  produce  the  broad-floored  hanging  valleys  of  glaciated 
regions,  and  the  elevation  of  these  valleys  he  believed  to  record  the  diflerence 
between  the  powerful  action  of  trunk  glaciers  and  the  feebler  action  of  side  glaciers. 
He  had  been  greatly  impressed,  years  ago,  by  the  magnitude  of  the  glacial  excava- 
tion indicated  by  such  phenomena  in  the  high  Sierra,  and  last  summer  had  found 
the  coast  of  Alaska  replete  with  similar  evidence.  After  sailing  for  weeks  through 
Alaekan  fiords  and  observing  scores  of  hanging  valleys,  he  had  come  to  regard  their 
occurrence  as  diagnostic  of  the  former  extent  of  glaciation,  and  had  used  them  with 
confidence  as  criteria  for  the  discrimination  of  glaciated  districts. 

H.  W.  Turner  spoke  as  follows : 

The  hanging  valleys  of  the  Sierra  Nevada  are  considered  by  some  writers  as  evi- 
dence that  the  canyons  were  formed  by  glacial  erosion,  but  in  some  portions  of  the 
range  we  will  find  these  hanging  valleys  bordering  canyons  which  never  contained 
glacial  ice.  Such  an  example  is  on  the  Bidwell  Bar  quadrangle  in  the  northern 
8ierra  Nevada.  The  canyons  of  the  north  and  middle  forks  of  the  Feather  river, 
in  this  quadrangle,  are  largely  in  granite.  They  are  deep  and  rugged,  one  portion 
of  the  North  Feather  canyon  being  nearly  a  mile  deep,  as  measured  from  the  highest 
part  of  the  plateau  to  the  east.  The  side  streams  enter  these  canyons  from  hang- 
ing valleys  over  precipitous  slo[)es  in  cascades  and  falls,  one  of  which  has  a  height 
of  450  feet  or  more.  While  small  glaciers  existed  during  the  Glacial  period  on  the 
plateaus  about  these  canyons,  there  is  no  evidence  that  glacial  ice  ever  occupied 
any  portions  of  the  main  canyons.  As  is  well  known,  the  whole  range  during  the 
Tertiary  had  been  greatly  worn  down,  so  that  broad  shallow  valleys  were  charac- 
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teristic  of  it.  When  late  in  the  Tertiary  or  in  the  early  Pleistocene  the  range  was 
somewhat  sharply  uplifted,  the  streams  were  given  new  vigor.  The  larger  streams 
CQt  much  more  rapidly  than  the  smaller  ones,  and  formed  the  present  deep  river 
canyons,  while  many  of  the  smaller  streams  occupying  depressions  inherited  from 
the  Tertiary  have  cut  much  less  rapidly,  and  hence  these  depressions  remain  as 
hanging  valleys.  It  is  quite  certain  that  the  entire  range  was  subjected  to  the  same 
influences,  and  it  hence  seems  logical  to  suppose  that  the  main  topography  of  the 
range  was  carved  in  early  Pleistocene  time  very  largely  by  water  action,  and  in 
the  glaciated  region  these  water- formed  valleys  and  canyons  were  very  consider- 
ably modified  by  the  glacial  ice.  The  Glacial  period  of  the  Sierras  can  be  placed 
in  the  middle  or  later  Pleistocene,  and  is  relatively  shorter  than  the  period  of 
erosion  which  preceded  it,  and  which  I  designate,  following  Le  Conte,  the  Sierran 
period. 

Remarks  were  also  made  by  I.  C.  Russell,  J.  J.  Stevenson,  A.  C.  Spencer, 
I.  C.  White,  S.  F.  Emmons,  the  President,  and  the  author. 

President  Emerson  read  an  invitation  from  Professor  Cleveland  Al)be 
inviting  the  Fellows  to  his  home. 

The  following  two  papers  were  read  by  their  author : 

MOVEMENT  OP  GLACIERS 

BY   HARRY   FIELDING  REID 

STRATIFICATION  AND  BANDED  STRUCTURE  OF  GLACIERS 

BY   HARRY   FIBLDINQ   RBID 

Immediately  following  the  reading  of  Doctor  Reid's  papers  the  Society 
adjourned  for  luncheon.  Upon  reassembling,  the  discussion  of  the  papers 
was  given  place,  and  remarks  were  made  by  Bailey  Willis  and  the 
President. 

The  first  paper  of  the  afternoon  session  was  by  the  Secretary,  presented 
briefly,  with  aid  of  lantern  views. 

A  CHANNELED  DRUMUN 
BY  H.    L.    FAIRCHILD* 

The  second  paper  was  entitled  : 

UPPER  AND  LOWER  HURON  I  AN  IN  ONTARIO 
BY   A.   P.   COLEMAN 

Remarks  were  made  by  C.  D.  Walcott.  The  paper  is  printed  as  pape? 
107-114  of  this  volume. 
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The  third  paper  was 

CAMBRIAN  SYSTEM  OF  THE  ATLANTIC  PROVINCE 
BY  C.    D.    WALCOTT 

Remarks  were  made  by  J.  F.  Kemp. 

The  four  papers  following  were  read  and  discussed  together.     By  re- 
quest of  the  author  Mr  Schuchert's  paper  was  read  by  J.  M.  Clarke. 

LOWER  DEVONIC  ASPECT  OF   THE  LOWER   HELDERBERQ  AND   ORISKANY 

FORMA  TI0N8 

BY  CHARLES  8CHUCHBRT 

This  paper  is  printed  as  pages  241  to  332  of  this  volume. 

SILURIAN-DEVONIAN  BOUNDARY  IN  NORTH  AMERICA 
BY  HENRY  S.    WILLIAMS 

This  paper  is  printed  as  pages  333  to  346  of  this  volume. 

«       SILURO-DEVONIAN  CONTACT  IN  ERIE  COUNTY,  NEW  YORK 
BY  A.    W.   GRABAU 

This  paper  is  printed  as  pages  347  to  376  of  this  volume. 

DEVONIAN  STRATA  IN  COLORADO 
BY   ARTHUR  C.   SPENCER 

In  discussion  of  the  four  papers  remarks  were  inade  by  J.  M.  Clarke, 
H.  S.  Williams,  and  C.  H.  Hitchcock. 

No  evening  session  was  held,  but  the  Fellows,  with  invited  guests, 
])artook  of  the  annual  dinner  at  the  Hotel  Raleigh. 


Session  of  Friday,  December  29 

council's  recommendations  concerning  oeoloqical  congress  dele- 
gates and  compensation  of  secretary  and  editor 

Two  recommendations  from  the  Council  were  presented : 

1.  That  a  committee,  consisting  of  the  President,  First  Vice-President, 
and  Secretary  for  1900,  be  empowered  to  name  delegates  to  the  Paris 
International  Geological  Congress. 

2.  That  the  annual  allowances  to  the  Secretary  and  Editor  be  increased 
to  $500  and  $250  respectively. 

The  two  recommendations  were  adopted. 
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On  motion  of  J.  J.  Stevenson,  it  was  voted  to  authorize  the  Secretary 
fo  send  by  telegraph  the  greeting  of  the  Society  to  the  Cordilleran  Sec- 
tion, convening  this  day  in  San  Francisco. 

The  first  paper  was  then  read : 

STRATIGRAPHY  OF  THE  POTTSVILLE  SERIES  IN  KENTUCKY 
BY  MARIU8  R.   CAMPBBLL 

Remarks  were  made  by  David  White,  I.  C.  White,  W.  M.  Davis,  J.  J. 
Stevenson,  and  Bailey  Willis. 

The  second  paper  was 

RELATIVE  AOES  OP  THE  KANAWHA  AND  ALLEGHANY  SERIES  AS  INDICATED 

BY  THE  FOSSIL  PLANTS 

* 
BY   DAVID  WHITE 

Remarks  were  made  by  I.  C.  White,  M.  R.  Campbell,  J.  J.  Stevenson, 
and  the  author. 

[Discussion.] 
H.  S.  Williams  remarked 

That  the  case  of  the  Catskill  formation  was  analogous,  and  iavored  the  inter- 
pretation given  by  Doctor  White.  It  is  known  that  the  Catskill  sedimentation  at 
its  extreme  eastern  extension  is  much  lower  in  the  section  than  it  is  a  hundre<l 
miles  farther  west,  in  central  New  York- Pennsylvania,  and  on  reaching  the  western 
limits  of  these  states  the  marine  Chemung  faunas  follow  on  up  to  the  very  base  of 
the  Carboniferous,  with  no  sign  of  the  Catskill  rocks  or  fauna.  Where  the  Catskill 
is  fully  developed,  in  eastern  New  York,  the  Chemung  is  either  entirely  wantinp, 
so  far  as  its  marine  fauna  is  concerned,  or  its  fossils  appear  sparsely  in  the  mi<lst 
of  the  coarse  sands  of  Catskill  type.  As  low  as  the  horizon  of  the  Hamilton  fauna 
the  sedimentation  assumes  the  arenaceous  and  sometimes  the  reddish  character  of 
the  typical  Catskill  rocks. 

Also,  on  general  principles,  the  ver)*^  fact  that  difference  in  the  nature  of  the 
deposits  is  determined  by  the  motion  of  the  waters  bearing  the  sediments  makes 
it  necessary  to  assume  that  at  any  particular  point  of  time  the  deposits  made  at 
one  place  could  not  continue  to  be  the  same  for  any  great  distance  in  the  direction 
away  from  the  shore  from  which  the  sediments  came.  Hence  the  fact  of  the  con- 
tinuation of  the  identical  kind  of  sedimentation  for  hundreds  of  miles  in  extent, 
unless  assumed  to  be  parallel  to  a  uniform  shoreline,  would  indicate  that  the  for- 
mation was  younger  at  one  end  tlian  the  other,  to  be  accountetl  for  by  the  gratioal 
rising  of  the  bottom  relative  to  the  water  surface,  and  thus  the  progression  of  the 
shore-line  toward  the  younger  end  of  tlie  line. 

This  same  cause  of  the  shifting  of  the  sediments,  namely,  gradual  elevation, 
would  also  be  expressed  in  shifting  of  faunas  which  are  known  in  modern  seas  to 
be  closely  adjusted  to  the  conditions  of  depth. 

One  should  expe<»t  to  find,  therefore,  considerable  shifting  of  faunas  when  the 
sediments  are  near-shore  accumulations,  and  a  close  study  of  the  geographical  dis- 
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tribution  of  foasil  faunas  has  convinced  me  that  within  a  hundred  miles  it  is  quite 
possible  to  see  the  same  chronological  part  of  a  section  represented  by  very  divergedl 
faunas.  An  example  may  be  cited  in  the  case  of  Portage  fauna  of  the  Genesee 
River  section,  which  in  the  Cayuga  Lake  section  is  represented  by  a  very  different 
fJEiana,  the  Ithaca  fauna,  and  above  both  of  them  comes  the  typical  Chemung  fauna. 

The  paper  is  printed  as  pages  145  to  178  of  this  volume. 

The  third  paper  was 

NEWARK  FORMATION  OF  THE  POMPERA  UQ  VALLEY,  CONNECTICUT 
BY  WILLIAM  HEBBEBT  HOBB8 

Following  the  presentation,  of  this  paper  the  Society  adjourned  for 
luncheon.  On  reassembling,  another  paper  by  Professor  Hobbs  was 
read,  as  follows : 

THE  RIVER  SYSTEM  OF  CONNECTICUT 
BT  WILLIAM   HERBERT  HOBBS 

The  two  papers  were  discussed  together,  and  the  following  Fellows 
took  part :  The  President,  H.  B.  Kiiramel,  J.  P.  Iddings,  J.  F.  Kemp, 
W.  M.  Davis,  R.  D.  Salisbury,  H.  W.  Turner,  and  the  author. 

*  The  next  paper  was  entitled 

JURASSIC  ROCKS  OF  SOUTHEAST  WYOMING 
BY   WILBUR  C.    KNIGHT 

Remarks  were  made  by  S.  F.  Emmons,  H.  W.  Turner,  W.  H.  Weed, 
and  Bailey  Willis.  The  paper  is  printed  as  pages  377  to  388  of  this 
volume. 

The  following  paj>er  was  then  read  : 

POTOMAC  AND  CRETACEOUS  IN  THE  CAPE  FEAR  SECTIONS 
BY  J.    A.    IIOLMK8 

Remarks  were  made  by  W.  B.  Clark,  N.  H.  Darton,  G.  B.  Shattuck, 
and  T.  W.  Stanton. 

The  last  two  papers  of  the  day  were  read  by  the  same  author: 

MESOZOIC  STRATIGRAPHY  OF  BLACK  HILLS  OF  SOUTH  DAKOTA 

BY   N.    II.    DARTON 

TERTIARY  SHORELINES  AND  DEPOSITS  IN  THE  BLACK  HILLS 

BY    N.    H.    DARTON 
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No  evening  session  of  the  Society  was  held,  but  the  Fellows  of  the 
Society  attended,  by  invitation,  a  reception  of  the  Washington  Academy 
of  Sciences  at  the  Columbian  Univereity,  preceded  by  a  meeting  of  the 
Academy,  at  which  reports  were  presented  from  members  of  the  Harri- 
man  Alaskan  Expedition. 


Session  op  Saturday,  December  30 

A  recommendation  of  the  Council  was  presented,  that  the  rule  (By-laws, 
chapter  1,  section  1)  requiring  persons  elected  as  Fellows  to  qualify  within 
three  months  be  suspended  in  the  case  of  Mr  A.  H.  Brooks,  who  had 
been  prevented  by  serious  illness  from  qualifying  within  the  stated  time. 
The  recommendation  was  voted. 

The  first  paper  presented  was 

TERTIARY  GRANITE  IN  THE  NORTHERN  CASCADES,  WASHINGTON 
BY  GBORGE  OTIS  SMITH   AND   W.   C.    MBNDENIIALL 

Remarks  were  made  by  S.  F.  Emmons.  The  paper  is  printed  as  pages 
223  to  230  of  this  volume. 

The  second  paper  was 

CONTINENTAL  DEPOSITS  OF  THE  ROCKY  MOUNTAIN  REGION 
BY   W.   M.    DAVIS 

Cont€7it8 

Page 

Theory  of  Tertiary  lakes .V^* 

Introduction  of  the  lake  theory "inT 

Composition  of  the  frosh-water  Tertiary  formations 'ly* 
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Choice  of  the  successful  theory ft*' 

Discussion M 

Theory  of  Tertiary  Lakks 

Since  the  early  days  of  our  western  governmental  surveys,  geologists  have  heard 
much  of  the  remarkable  series  of  fresh-water  deposits  in  the  Rocky  Mountain 
region.  Hayden,  Marsh ,  Cope,  King,  Powell,  Button,  and  other  observers  of  more 
recent  years  have  united  in  describing  these  deposits  as  of  lacustrine  origin,  and 
all  their  reports  abound  with  alhisions  to  the  great  lakes  that  characterize*!  the 
Tertiary  chapter  in  the  development  of  our  western  territory.  We  may  read,  for 
example,  statements  as  emphatic  as  the  following :  '*  I  know  of  no  more  impressive 
and  surprising  fact  in  western  geology  than  the  well  attested  observation  that  most 
of  the  [western  mountainous]  area  has  been  covered  by  fresh-water  lakes.    .    .    • 
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The  marvel  is  not  in  the  fact  that  here  and  there  we  find  the  vestiges  of  a  j^reat 
lake,  but  that  we  find  those  vestiges  everywhere.  The  whole  region,  with  the  ex- 
ception of  the  mountain  platforms  and  the  preexistent  mainlands,  has  passed 
through  this  lacustrine  stage."* 

The  occurrence  of  numerous  lakes  is  made  by  the  same  author  the  basis  of  in- 
ferences concerning  Tertiary  climate :  '*  We  know  that  the  Miocene  climate  of  the 
West  was  moist  and  subtropical.  This  is  indicated  by  the  great  extent  of  fresh- 
water lakes  in  some  portions  of  the  West,  their  abundant  vegetable  remains,  and 
the  exuberance  of  land  life."  f  Another  author  of  great  experience  in  the  Rocky 
Mountain  region  wrote  that  the  preservation  of  numerous  vertebrate  fossils  was 
*' probably,  without  exception,  due  to  their  entombment  beneath  the  waters  of 
the  great  fresh-water  lakes  which  existed  in  this  [Colorado]  region  during  Mesozoic 
and  Cenozoic  time.''  t 

From  the  first  recognition  of  the  Pliocene  of  the  Great  plains  and  its  interpreta- 
tion as  a  lacustrine  formation,  it  has  been  taken  to  date  one  of  the  broad  uplifts 
by  which  the  Rocky  Mountain  region  has  gained  its  present  height,  for  *'  the  in- 
clined plane  of  the  whole  system  of  the  Great  plains  received  its  slope  by  me- 
chanical tilting  subsequent  to  the  deposition  of  the  Pliocene  strata."  | 

Again,  "movements  of  elevation  are  indicated  by  both  Tertiary  and  Pleistocene 
deposits  that  have  a  lacustrine  origin,  since  the  present  elevation  of  the  plains 
region,  which  shows  an  average  descent  in  round  numbers  of  10  feet  to  the  mile 
from  the  foothill  region  to  the  valleys  of  the  Missouri  and  Mississippi,  would  not 
admit  of  the  holding  of  lake  waters  on  its  surface.''  || 

The  Tertiary  lakes  of  the  Rocky  Mountain  district  have  become  stock  subjects 
of  geological  teaching,  if  one  may  judge  by  the  unqualified  statements  concerning 
them  in  the  text-books  generally  in  use.  Dana,  Le  Conte,  Scott,  and  Tarr  all  assert . 
the  existence  of  these  lakes  without  demur.  Similar  statements  are  naturally  made 
by  the  standard  European  text-books,  such  as  those  by  Geikie,  de  Lapparent,  and 
Credner. 

It  is  interesting  to  review  the  literature  of  this  subject  with  the  object  of  dis- 
covering how  the  theory  of  the  lacustrine  origin  of  the  western  Tertiaries  was  in- 
troduced, on  what  evidence  it  was  based,  and  how  thoroughly  this  evidence  was 
discussed. 

Introduction  of  the  Lake  Theory 

The  early  volumes  of  Hayden's  surveys  afibrd  such  sentences  as  the  following : 
"  With  the  commencement  of  the  Tertiary  was  ushered  in  the  dawn  of  the  great 
lake  period  of  the  West.  The  evidence  seems  to  point  to  the  conclusion  that  from 
the  dawn  of  the  Tertiary  period,  even  up  to  the  commencement  of  the  present, 
there  was  a  continuous  series  of  fresh-water  lakes  all  over  the  continent  west  of 
the  Mississippi  river.  .  .  .  The  earliest  of  these  great  lakes  marked  the  com- 
mencement of  the  Tertiary  period,  and  seems  to  have  covered  a  very  large  portion 
of  the  American  continent  west  of  the  Mississippi,  from  the  Arctic  sea  to  the  isthmus 
of  Darien.    .     .     .     Every  year,  as  the  limits  of  my  explorations  are  extended  in 

♦Tertiary  History  of  the  Grand  Cafion  District,  p.  216. 

flbid.,  p.  223. 

J  U.  8.  Geol.  Survey  Monograph,  vol.  xxvii,  p.  525. 

g  Fortieth  Parallel  Survey,  vol.  i,  p.  489. 

I  U.  S.  Geol.  Survey  Monograph,  vol.  xxvil,  p.  40. 
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any  direction,  I  find  evidence  of  what  appear  to  be  separate  lake  basina,  covering 
greater  or  less  areas."  * 

A  later  writer  recapitulates  his  results  as  follows: 

"Tertiary  time  in  the  region  of  the  fortieth  parallel  is  therefore  represented  by 
nine  lakes — four  Eocene  lakes,  which  occupied  the  middle  Cordilleras;  .  .  . 
two  Miocene  lakes,  one  in  the  province  of  the  plains,  the  other  in  western  Oregon 
and  western  Nevada,  and,  lastly,  the  three  Pliocene  lakes.**! 

Quotations  of  this  kind  might  be  greatly  multiplied,  until  the  reader  is  convinced 
tliat  during  the  last  forty  years  it  has  become  habitual  to  ascribe  a  lacustrine  origin 
to  the  Tertiary  formations  here  considered.  In  the  face  of  these  authoritative 
statements,  it  is  disappointing  to  discover  that  no  serious  investigation  of  lake  de- 
posits has  been  published  in  any  of  the  governmental  reports  concerning  the 
western  Tertiaries.  From  beginning  almost  to  the  end,  the  assertion  has  been 
made,  without  published  critical  discussion  of  the  nature  of  the  proof  on  which  it 
rests.  It  is  well  known  that  an  investigation  of  the  kind  here  alluded  to  shoald 
consist  of  at  least  five  steps,  to  enumerate  no  more.  These  are :  careful  observa- 
tion and  generalization  of  the  ob8ei*ved  facts,  invention  or  application  of  an  ex- 
planatory theory,  deduction  of  the  legitimate  consequences  of  the  theory,  impartial 
comparison  of  the  deduced  consequetices  with  the  generalized  facts,  and,  finally, 
judicial  consideration  of  the  value  of  the  theory  as  measured  by  the  degree  of 
accordance  between  consequences  and  facts.  Some  of  these  steps  have  been  taken 
in  connection  with  the  explanation  of  the  western  Tertiaries;  others  seem  to  have 
been  neglected.  The  facts  concerning  the  formations  have  been  observed  in  abun- 
dance; an  explanatory  theory  was  introduced  to  account  for  the  facts,  and  then, 
apparently  without  sufficient  attention  to  the  important  steps  of  deduction  and 
comparison,  the  correctness  of  the  theory  was  authoritatively  announced  and  widely 
accepted.  The  argument  for  the  theory  seems  to  have  been  about  as  follows : 
These  Tertiary  formations  are  stratified ;  hence  they  must  have  been  depoc^iteil 
under  water.  They  contain  no  marine  fossils,  but  an  abundance  of  fresh-water 
and  land  fossils ;  hence  the  water  in  which  they  were  laid  down  could  not  have 
been  that  of  the  sea,  but  must  have  been  that  of  large  lakes,  whose  areas  were  at 
least  as  great  as  those  of  the  formations  now  observable.  Let  ua  review  the  ob- 
served facts. 

Composition  of  the  Fbbsh-water  Tertiary  Formations 

The  fresh-water  Tertiary  formations  in  the  Rocky  Mountain  region  consist  of  a 
great  variety  of  strata.  Some  of  the  strata  are  of  fine  texture,  even  bedding,  and 
constant  composition  for  a  considerable  thickness,  as  in  the  "  paper  shales"  of  the 
Green  River  basin  of  Wyoming;  others  are  fine  marls  of  great  volume,  as  in  the 
Eocene  of  the  High  plateaus  of  Utah ;  others  are  clays  and  very  fine  sands,  a9 
the  White  River  beds  of  Nebraska ;  but,  in  strong  contrast  to  these,  there  are  fre- 
quently alternating  layers  of  shales  and  sandstones,  as  in  the  central  parts  of  the 
Vermilion  Creek  series,  north  of  the  Uintah  mountains.  The  same  formation  con- 
tains extensive  beds  of  conglomerates,  of  which  the  following  passages  give  a  vivid 
idea: 

**  West  of  Concrete  plateau  there  is  an  enormous  development  of  red  sandstone 

♦Geological  Survey  of  the  Territories,  Second  AnnuAl  Report,  pp.  114,  115. 
t  Fortieth  Panillol  Survey,  vol.  i,  p.  457. 
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and  clays  with  prominent  belta  of  conglomerate,  the  whole  increasing;  in  coarse* 
ness  of  sediment  as  it  approaches  the  Uintah  on  the  south  and  the  Wahsatch  on  the 
west.  Here  is  an  area  ahout  sixty  miles  from  north  to  south  by  fifty  miles  from 
east  to  west  which  is  essentially  a  plateau  of  Yerinilion  Creek  beds/'* 

Near  the  border  of  this  early  Eocene  basin  "  conglomerates  become  more  im- 
portant, until  directly  north  of  the  upper  canyon  of 'Weber  river  the  mountain 
wall  is  composed  of  excessively  coarse  conglomerate  between  3,000  and  4,000  feet 
thick.  It  is  almost  structureless,  and  lines  of  stratification  can  rarely  be  perceived. 
The  blocks  of  which  the  conglomerate  is  chiefly  formed  range  from  the  size  of  a 
pea  to  masses  with  a  weight  of  several  tons.  .  .  .  The  rapidity  with  which 
these  conglomerates  grow  finer  in  advancing  from  the  shore  along  the  Uintah  is  very 
conspicuous."  t 

The  Arapahoe  and  Denver  formations  (closely  associated  with  the  Tertiary,  if 
not  actually  belonging  in  this  division  of  geological  time),  extending  eastward 
from  the  base  of  the  Front  range  in  Colorado,  consist  chiefly  of  conglomerates  and 
sandstones  near  the  foothills  and  of  finer  sediments  on  the  plains.  In  the  foot- 
hills **  the  sandy  parts  of  the  bed  develop  in  places  to  wedge-shaped  masses,  ex. 
hibiting  in  their  relations  to  each  other  and  to  the  conglomerates  a  very  marked 
cross-bedding."  t  On  the  plains  a  characteristic  feature  is  **  the  irregular  uncon- 
formable contact  so  frequently  seen  to  exist  between  a  conglomerate  or  grit  layer 
above  and  a  clay  or  shale  layer  below.  .  .  .  Often  the  unconformability  is  very 
marked.  .  .  .  The  changes  in  conditions  of  sedimentation  which  gave  rise  to 
such  stratigraphical  relations  of  consecutive  beds  were,  however,  common  in  both 
Denver  and  Arapahoe  epochs.  Fine  sediments  were  often  disturbed  and  locally 
removed  at  the  beginning  of  periods  of  rapid  deposition  of  coarser  materials.''} 
Mention  is  made  of  "tree  stumps  in  erect  position  with  roots  in  mud  layers  and 
broken  trunks  in  sand  or  gravel ;  "  ||  and  it  is  recognized  that  the  theory  to  account 
for  these  deposits  must  be  conditioned  "  by  the  frequent  cross-bedding  observable 
both  in  sandstone  and  conglomerate,  and  by  the  plant  remains  and  standing  tree 
stumps  that  abound  at  certain  horizons."  ^ 

Fossils  contained  in  a  geological  formation  are  always  regarded  as  highly  signifi- 
cant of  the  conditions  of  deposition.  The  fossils  of  the  western  Tertiaries  are 
chiefly  land  mammals  and  plants  in  great  variety,  to  which  are  added  the  remains 
of  birds  of  the  air,  reptiles  of  land  or  fresh  water,  fishes  of  fresh  water,  and  mol- 
luscs of  rivers,  marshes,  and  lakes. 

Theories  of  Lacustrine  and  Fluviatile  Deposits 

If  facts  such  as  those  above  stated  were  today  placed  before  a  geologist  for  ex- 
planation he  would  undoubtedly  begin  his  theorizing  by  excfuding  the  sea  as  the 
place  of  deposition  on  account  of  the  absence  of  marine  fossils.  He  might  then 
provisionally  consider  the  possibility  of  lacustrine  deposition,  and  here  he  could 
begin  by  reviewing  what  has  been  learned  concerning  the  deposits  now  forming  on 

*  Fortieth  Parallel  Survey,  vol.  i,  p.  HTL 

t  Ibid.,  p.  369. 

X  V.  8.  Geol.  Survey  Monograph,  vol.  xxvii,  p.  la'i. 

JIbid.,  pp.  180, 181. 

I  Ibid.,  p.  108. 

f  Ibid.,  p.  33. 

LX XX IV— Bull.  Geol.  Soc.  Am.,  Vol.  11,  1899 
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the  floors  of  large  and  deep  lakes.  The  testimony  is  universal  that  such  depo6it«i 
are  of  fine  texture,  and  from  this  fact  of  observation  it  is  reasonably  inferred  that 
deep  lake  deposits  must  be  of  even  stratification  and  of  persistently  uniform  com- 
position, as  long  as  the  lake  remains  large  and  deep.  The  marginal  deposits  may 
be  of  fine  or  coarse  texture,  according  to  the  nature  of  the  shores  and  to  the  !>ize 
and  contents  of  the  rivers  that  drain  them.  In  time  these  coarser  deposits  will 
invade  the  lake  basin  and  overlap  the  finer  deposits  of  the  shoaling  bottom.  If  a 
large  shallow  lake  is  next  considered,  it  may  be  imagined  that  the  winds  could 
produce  waves  and  currents  strong  enough  to  produce  cross-bedding  and  other 
irregular  structures  in  sandy  and  pebbly  layers,  and  hence  that  such  layers  might 
alternate  with  others  of  finer  texture ;  bnt  the.  shallower  the  lake,  the  more  rapid 
the  invasion  of  its  shores  by  marginal  deposits,  the  upper  part  of  which  ^ill  be  of 
subaerial,  not  lacustrine,  deposition ;  the  shallower  the  lake,  the  more  likely  its 
extinction  by  evaporation  or  by  erosion  of  the  outlet.  When  the  lake  is  destroyed, 
deposition  might  continue  under  the  action  of  aggrading  streams  and  rivers,  an<l 
thus  the  way  is  led  to  the  consideration  of  fluviatile  plains,  many  examples  of 
which,  much  larger  in  area  than  any  existing  shallow  lakes,  are  now  open  to  ob- 
servation. The  emphasis  usually  given  to  the  destructive  activities  of  rivers  should 
not  prevent  the  due  examination  of  their  constructive  work,  so  abundantly  ex- 
'  hibited  on  great  river-made  plains.  Observation  on  such  plains  shows  the  capacity 
of  rivers  to  form  deposits  of  variable  composition,  texture  and  structure  near  tlie 
border  of  the  plains,  and  of  fine  texture  and  comparatively  even  structure  further 
forward  along  the  course  of  thejtreams.  Thus  the  essential  characteristics  of  laruf>- 
trine  and  fluviatile  deposits  j^^  be  generalized  in  form  appropriate  for  theoretical 
discussion.  ^^ 

OF  THE  Successful  Thboby 

The  consequences  ^the  theories  of  lacustrine  and  fluviatile  deposition  should 
be  confronted  with  me  assembled  and  generalized  facts  that  have  been  determined 
by  observation  of  U^  western  Tertiaries,  in  order  to  determine  how  the  latter  are 
l)est  explained.  ^^  will  then  perhaps  be  opssible  to  decide  whether  the  Tertiary 
epochs  of  RockpMonntain  history  shoulidoe  pictured  with  broad  >and  level  sheetA 
of  blue  water  stretching  between  distan^anges,  whether  extensive  gently  sloping 
plains  of  gravel,  sand,  and  clay  should  occupy  most  of  the  intermont  basins,  or 
whether  some  combination  of  these  unlike  conditions  best  meets  the  conditions  of 
nature. 

Without  desiring  to  announce  any  special  proportion  in  which  the  rival  explana- 
tions should  be  associated,  and  without  attempting  to  conceal  my  individual  lean- 
ing toward  a  fluviatile  or  other  subaerial  origin  for  many  of  the  formations  that 
are  ordinarily  described  as  lacustrine,  it  is  desirable  to  make  mention  of  certain 
statements  in  various  reports  which  suggest  that  their  writers  had  certain  qualifi- 
cations of  the  purely  lacustrine  theory  in  mind.  It  is  true  that  the  chief  emphasis 
is  given  to  'Marge  lakes,''  and  that  the  sediments  are  repeatedly  said  to  be  lakt^- 
bottom  formations,  but  the  lake  waters  are  sometimes  described  as  shallow,  and 
alternations  of  shallow  water  and  low  land  are  given  brief  mention  in  one  rei>ort, 
which,  however,  elsewhere  refers  to  the  seat  of  deposition  as  **  the  sea"  or  **the 
lake."  The  lake  waters  are  descril>ed  by  some  as  having  sometimes  had  move- 
ment enough  to  distribute  sands  and  pebbles.    The  movement  is  once  characterized 
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as  *'  turbulent.''  It  is  quite  possible  that  certain  authors  intended  to  include  sub- 
aerial  marginal  deposits  under  the  general  heading  of  lacustrine  deposits,  and  that 
they  tacitly  allowed  a  considerable  volume  to  deposits  thus  accumulated,  although 
there  is  repeated  implication  that  even  the  coarser  secliments  were  laid  down  on 
the  lake  side,  not  on  the  land  side  of  the  "  shorelines,"  below  water-level  and  not 
above.  River  action  may  have  been  taken  for  granted,  as  so  naturally  associated 
with  lake  deposits  that  no  mention  of  it  was  thought  to  be  necessary.  However 
all  this  may  be  in  the  minds  of  the  writers,  there  is  no  question  that  the  readers  of 
the  reports  of  the  western  surveys  will  be  led  by  the  repeated  mention  of  lakes 
and  by  the  almost  universal  silence  about  rivers  to  regard  the  whole  body  of  the 
western  Tertiaries,  coarse  and  fine,  as  lacustrine,  and  a  reference  to  the  text-books 
above  mentioned  will  substantiate  this  statement.  Whatever  qualifications  of  the 
lacustrine  theory  may  have  been  in  the  minds  of  the  older  geologists,  who  arc 
familiar  with  the  facts  by  direct  observation,  it  is  not  likely  that  any  qualifications 
of  the  theory  will  enter  the  minds  of  the  rising  generation  of  geologists  when  they 
first  meet  the  current  descriptions  of  the  wonderful  lake  deposits  of  the  West  in 
text-books  or  in  governmental  reports,  and  it  is  particularly  in  this  connection  that 
it  seems  advisable  to  promote  discussion  on  the  subject  here  presented. 

More  important  than  the  tacit  qualifications  of  the  lacustrine  theory  that  may 
have  a  place  in  the  minds  of  some  geologists,  the  expressed  opinions  of  other  geol- 
ot^ists  on  this  subject  deserve  mention.  In  the  first  place,  it  should  be  pointed 
out  that  the  investigations  of  the  Quaternary  lakes  of  the  West  seem  to  have  been 
conducted  on  somewhat  different  principles  from  those  which  obtained  in  the 
study  of  the  Tertiary  lakes.  In  the  Bonneville  and  Lahontan  basins  intercalated 
deposits  of  gravels  and  sands  are  taken  as  indicating  a  non-lacustrine  interval  be- 
tween the  lacustrine  epochs  in  which  underlying  and  overlying  marls  and  clays 
were  laid  down.  Furthermore,  the  Pliocene  sediments  of  the  plains  in  Colorado 
and  Kansas  have  been  explicitly  described  as  fiuviatile  by  two  observers,  Gilbert 
and  Haworth,  and  the  eolian  origin  of  the  White  River  clays  of  Nebraska  has 
recently  been  discussed  by  Matthew.  In  Europe  Penck  has  called  attention  to 
the  essentially  fiuviatile  origin  of  such  basin  deposits  as  occupy  the  plains  of  Hun- 
gary and  of  the  middle  Rhine,  and  it  is  from  this  geologist  that  I  have  learned  the 
term  continental  as  a  general  name  for  lacustrine,  fiuviatile,  and  eolian  deposits, 
in  contrast  to  marine  deposits ;  and  both  Penck  and  Goodchild  have  attributed 
the  heavy  and  coarse  Torridon  sandstones  and  conglomerates  of  northwest  Scot- 
land to  accumulations  on  an  arid  land  surface.  In  view  of  all  these  considerations, 
it  does  not  seem  too  much  to  say  that  the  habitual  explanation  of  our  western 
fresh-water  Tertiary  formations  as  lake  deposits  stands  in  need  of  thorough  and 
critical  revision. 

DiSCL'SSION 

F.  S.  Emmons  said 

That  Professor  Davis'  remarks  seemed  to  apply  specially  to  the  Fortieth  Parallel 
work,  in  which  he  took  part,  since  theirs  was  the  first  to  attempt  to  differentiate 
and  roughly  outline  the  Tertiary  basins  of  the  Rocky  Mountain  region.  He  seemed 
to  imply  that  these  geologists  had  assumed  that  any  non-marine  Tertiary  beds 
observed  were  necessarily  deposited  in  a  Tertiary  lake  without  stopping  to  consider 
the  possibility  of  any  other  origin.    Their  geological  work  was  confessedly  not  a 
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survey,  but  a  reconnaissauoe,  and  as  such  their  results  would  necessarily  be  subject 
to  moditicatiou  by  more  detailed  work,  especially  when  done  in  the  light  of  n)o<lern 
advances  in  geological  and  geographical  knowledge.  They  had  hoped  that  long 
before  this  these  Tertiary  deposits  would  have  been  made  the  object  of  special 
geological  studies,  for  there  were  many  facts  with  regard  to  them  that  could  not  be 
Satisfactorily  determined  in  these  hasty  and,  as  regards  their  actual  area,  very  im- 
perfect observations ;  yet  I  can  hardly  feel  willing  to  admit  that  such  polemic 
statements  as  those  made  by  Professor  Davis,  where  not  based  on  any  new  observa- 
tions, cast  any  doubt  on  the  correctness  of  their  conclusions  with  regard  to  these 
deposits.  With  the  exception  of  those  on  the  Great  plains  east  of  the  Rocky 
mountains,  the  Tertiary  lake  deposits  there  noted  occur  in  basins  still  enclosed 
within  mountain  ranges  where  no  considerable  fluviatile  action  is  conceivable.  In 
all,  the  character  of  bedding  and  nature  of  successive  beds  is  such  as  to  necessitate 
their  having  been  deposited  in  still  waters. 

In  the  case  of  the  Vermilion  creek  (Wahsatoh)  beds  cited  by  Professor  Davis, 
the  great  thickness  of  conglomerates  mentioned  is  found  in  the  southwest  corner 
of  the  Green  River  basin,  in  the  right  angle  formed  by  the  lofty  Wahsatchand 
Uintah  ranges,  and  was  evidently  washed  down  rapidly  from  the  then  even  steej^r 
slopes  of  these  ranges  and  spread  out  along  the  shoreline  of  the  lake.  What  its 
exact  relations  to  the  shore  were,  and  whether  it  represented  the  shoreline  phase 
only  of  the  lower  or  Vermilion  Creek  series,  or  of  the  overlying  Green  River  and 
Bridger  series  as  well,  we  had  not  the  time  to  determine.  Toward  the  center  o^ 
the  basin  the  beds  of  all  the  series  become  so  thinly,  uniformly,  and  evenly  bedded 
as  to  preclude  the  possibility  of  fluviatile  deposition,  especially  as  they  wereformt^l 
in  what  is  now,  as  well  as  could  be  determined,  an  enclosed  basin  without  outlet 

Something  in  the  nature  of  Professor  J)avi8' fluviatile  origin  was  suggested  by 
me  for  the  latest  pliase  of  deposition  in  this  region  for  what  I  called  the  Wyoming 
conglomerate  (Bishop  Mountain  conglomerate  of  Powell),  which  was  spread  out 
over  the  flanks  of  the  Uintah  range  in  a  sort  of  sheet-flood  deposit  without- stratifi- 
cation, but  which  left  no  fine  gmned  representatives  toward  the  middle  of  the 
basin.  A  similar  origin  to  this  is  also  conceivable  for  some  of  the  coarser  beds  on 
the  eastern  flanks  of  the  Rocky  mountains,  and  a  fluvio-lacustrine  origin  was  sug- 
gested by  me  as  one  of  the  possibilities  of  the  loess  of  the  Denver  basin.  As  for 
the  Denver  and  Arrapahoe  beds,  I  will  resign  the  floor  to  Mr  Cross,  who  is  more 
intimately  acquainted  with  them  by  personal  observation. 

Mr  Whitman  Cross  said  in  substance  the  following : 

Since  the  abstract  of  Professor  Davis'  paper,  which  we  have  heard,  deals  only 
with  general  principles,  and  did  not  contain  special  references  to  the  formations 
whose  origin  he  questions,  I  can  not  directly  discuss  the  points  he  may  raise  as  to 
the  origin  of  the  Arapahoe  and  Denver  beds.  In  general,  however,  the  hyjwthesis 
of  a  fluviatile  origin  for  them  must  explain  many  facts  besides  those  evident  from 
the  texture  and  composition  of  the  strata.  Since  these  formations  were  first  dis- 
covered numerous  other  formations  of  the  same  lithologic  character,  the  same 
details  of  texture,  and  in  several  oases  shown  to  be  of  the  same  age  by  fossil  re- 
mains, have  been  found  in  various  parts  of  Colorado,  namely,  in  South  park,  some 
50  miles  southwest  of  Denver;  in  Middle  and  North  parks,  to  the  northwest  uf 
Denver;  at  Canyon  City ;  on  the  Animas  river  south  of  the  San  Juan  mountains. 
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and  on  the  western  flanks  of  the  Elk  mountains,  in  the  western  part  of  the  State. 
The  Denver  and  Arapahoe  beds  together  are  known  to  have  a  thickness  of  more 
than  2,000  feet ;  the  Middle  Park  beds  are  more  than  6,000  feet  in  thickness,  accord- 
ing to  the  reports  of  A.  R.  Marvine;  the  South  Park  beds  are  also  of  considerable 
thickness;  the  Animas  River  beds  exceed  1,000  feet  in  thickness,  and  the  Ruby 
beds,  west  of  the  Elk  mountains,  reach  a  thickness  of  2,000  feet.  If  one  of  these 
formations  be  supposed  to  be  of  fluviatile  origin  from  anything  :n  the  texture  or 
composition  of  the  strata,  then  all  must  be  placed  in  the  same  category  for  the 
same  reason. 

It  is  further  certain  from  a  field  examination  of  tliese  formations  that  they  had 
very  much  greater  lateral  extent  at  the  time  of  deposition  than  they  now  possess, 
aa  well  as  a  greater  thickness  in  some  cases.  This  seems  to  me  a  very  important 
factor  in  the  problem,  making  it  absolutely  essential  to  give  some  plausible  grounds 
for  the  assumption  that  rivers  once  existed  capable  of  the  accumulation  of  such 
enormous  masses  of  finely  stratified  matter  at  so  many  points  in  the  mountains  of 
Colorado.  It  is  also  to  be  taken  into  account  that  the  Livingston  formation  of 
Montana,  Identical  in  lithologic  character  and  known  to  be  of  the  same  age  as  the 
Denver  beds,  has  a  thickness  of  over  7,000  feet,  according  to  Mr  W.  H.  Weed. 

The  present  relation  of  the  Great  plains  to  the  Rocky  Mountain  front  near 
Denver  may  suggest  to  a  physiographer  that  formations  of  fluviatile  origin  are  to 
be  looked  for  in  the  vicinity  of  the  mountains,  either  in  the  valleys  of  the  present 
streams  or  as  remnants  of  older  deposits,  but  it  can  not  be  assumed  that  moun- 
tain and  plain  occupied  this  relation  to  each  other  in  the  period  of  the  Denver 
formation.  The  Denver  beds  are  upturned  in  vertical  position  at  the  base  of  the 
foothills,  and  great  orographic  movements  have  taken  place  in  several  parts  of 
Colorado  since  the  deposition  of  the  equivalent  formations. 

These  formations  have  been  described  as  lacustrine  by  those  who  have  studied 
them  in  the  field,  and  it  appears  to  me  that  the  burden  of  proof  rests  on  Professor 
Davis  in  advocating  a  fluviatile  origin  for  them. 

Remarks  in  discussion  were  also  made  by  W.  H.  Weed,  I.  C.  Russell, 
and  the  President.  In  closing  the  discussion  Professor  Davis  spoke  as 
follows : 

For  evidence  of  the  habitual  reference  of  the  fresh-water  Tertiaries  to  a  lacus- 
trine origin  I  refer  again  to  such  a  quotation  as  that  from  Dutton  given  in  my 
paper.  As  to  the  occurrence  of  coarse  and  variable  strata  among  deposits  that 
have  been  classed  as  lacustrine,  the  most  striking  examples  that  I  have  found  are 
contained  in  the  account  of  the  Vermilion  Creek  beds  in  the  Report  of  the  For- 
tieth Parallel  Survey,  and  in  the  description  of  the  Arapahoe  and  Denver  forma- 
tions in  the  Monograph  on  the  Denver  Basin,  United  States  Geological  Survey. 
The  foregoing  discussion  of  the  origin  of  these  deposits  seems  to  me  appropriate, 
in  spite  of  my  not  having  studied  the  localities  where  the  formations  occur.  It  is 
not  proposed  to  question  the  facts  of  observation,  which  are  accepted  as  reported, 
but  to  discuss  the  discussion  by  which  the  rejwrted  facts  are  interpreted.  Every 
•geologist  must  carry  on  his  own  discussion  of  the  methods  by  which  others  reach 
their  theoretical  results,  unless  he  merely  accepts  the  results  along  with  the  facts. 
It  is  the  more  necessary  that  each  student  of  our  western  geology  should  discuss 
for  himself  the  lacustrine  origin  of  the  fresh- water  Tertiary  deposits  of  the  Rocky 
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Mountain  region,  because,  with  very  few  exceptions,  no  such  discussion  has  l>e«n 
published  by  the  observers  who  Iiave  rei)orted  tlie  facts  and  theories.  Wliat  the 
conclusion  of  the  discussion  will  be  remains  to  be  seen,  but  the  discussion  seems  to 
me  extremely  desirable.  In  the  mean  time  I  do  not  desire  to  assert  either  a 
lacustrine  or  a  fluviatile  origin  for  these  formations. 

The  four  following  papers  were  read  by  title : 

ON  THE  AOE  AND  DISTRIBUTION  OP  THE  SEDIMENTARY  ROCKS  OF  PATAOOSU 

BY  J.    B.    HATCH BB 
CRETACEOUS  INVERTEBRATES  FROM  PA  TAQONIA  COLLECTED  BY  J.  B.  HA  TCHER 

BY  T.    W.  STANTON 

ENRICHMENT  OF  MINERAL  VEINS  BY  LATER  METALLIC  SULPHIDES 

BY   WALTER  HARVKY  WEED 

This  paper  is  printed  as  pages  179  to  206  of  this  volume. 

VEIN  FORMATION  AT  BOULDER  HOT  SPRINGS,  MONTANA 
BY   WALTER  HARVEY   WEED 

The  following  paper  was  read  by  the  author: 

HERONITE  AND  ITS  RELATED  ROCKS 
BY  A.    P.   COLEMAN 

The  next  paper  was  entitled : 

ION  ECUS  COMPLEX  OF  MAGNET  COVE,  ARKANSAS 
BY   HENRY  8.    WASHINGTON 

Remarks  were  made  by  J.  P.  Iddings,  L.  V.  Pirsson,  W.  H.  Weed,  and 
the  author.    The  paper  is  printed  as  pages  389  to  416  of  this  volume. 

The  last  paper  read  was  the  following: 

FURTHER  STUDIES  ON  THE  HISTORY  OF  THE  CINCINNATI  ANTICLINE 
BY  AUG.    F.    FOERSTE 

In  discussing  the  paper  \V.  M.  Davis  said : 

The  section  given  by  Doctor  Foerste  shows  that  the  strata  of  the  Cincinnati  arch 
were  deimded  to  a  lowland  enclosed  by  a  monoclinal  ridge  of  small  relief  before 
the  unconformable  deposition  of  the  Devonian  beds.  The  thickness  of  the  over- 
lying strata  is  \ei*ii  on  the  monoclinal  ridjje  than  on  the  lowlan<l  within  and  with* 
out.  If,  as  is  probable,  the  arch  was  denuded  by  subaerial  forces,  it  is  to  be.ex- 
pected  that  outflowing  consequent  streams  must  have  here  and  there  cut  notcht* 
in  the  ridge;  and  if  these  notches  were  now  open  to  observation,  the  covering 
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Strata  should  be  found  as  thick  there  as  on  the  inner  and  outer  lowland.  This 
8ug)2;e8t6  that  search  should  be  made  for  such  local  thickening:  of  the  coverings 
strata;  if  found,  it  could  be  accepted  as  decisive  evidence  of  subaerial  denudation 
of  the  arch. 

The  paper  was  also  discussed  by  M.  R.  Campbell  and  C.  W.  Hayes. 

The  remaining  papers  of  the  program  were  read  by  title,  as  follows : 

GB6lOGICAL  structure    of  COFFBYVILLE  {KANSAS)  OAS  FIELD 

BY  O.   PBRRY  GRIMSLET 

SURFACE  TEMPERATURE  OF  THE  EARTH 

BY  ALFRED  C.   LANE 

OLA  CIA  TION  OF  MO  UNT  KTAA  DN,  MA  INS 

BY  RALPH  S.   TARR 

This  paper  is  printed  as  pages  433  to  448  of  this  volume. 

POST'OLACIAL  TIME  IN  HURON  COUNTY,  MICHIGAN 
BY  ALFRED  C.    LANE 

This  paper  is  printed  in  Reports  of  the  Geological  Survey  of  Michigan, 
1900,  volume  vii,  part  ii,  chapter  4. 

KBEWATIN  OF  EASTERN  CENTRAL  MINNESOTA* 

BY  C.    W.   HALL 

KEWEENAWAN  OF  EASTERN  CENTRAL  MINNESOTA* 

BY  C.   W.    HALL 

QEOLOQY  OP  QUEBEC  CITY  AND  ITS  ENVIRONS 

BY  HENRY  M.   AMI 

GAS  WELL  SECTIONS  IN  UPPER  MOHAWK  VALLEY  AND  CENTRAL  NEW  YORK 

BY  CHARLES  S.    PR08SBR 

This  paper  is  printed  in  the  American  Geologist,  March,  1900,  volume 
XXV,  pages  131-162. 

VERTEBRATE  FOOTPRINTS  ON  CARBONIFEROUS  SHALES  OF  PLAINVILLE, 

MASSACHUSETTS 

BY  J.    B.    WOODWORTH 

This  paper  is  printed  as  pages  449  to  454  of  this  volume. 


•These  papers  will  probably  be  published  in  volume  12.    They  could  not  bo  completed  in  time 
for  this  yolume. 
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RECONNAISSANCE  IN  SOUTHEASTERN  ARIZONA 

BY   K.    T.    DUHBLE 

OBOLOar  OF  THE  WICHITA  MOUNTAINS 

BY  H.   FOSTER  BAIN 

This  paper  is  printed  as  pages  127  to  144  of  this  volume. 

VOLCANICS  OF  NEPONSET  VALLEY,  MASSACHUSETTS 
BY  F.    BASCOM 

This  paper  is  printed  as  pages  115-126  of  this  volume. 

CAMBRO'SILURIAN  LIMONITB  ORES  OF  PENNSYLVANIA 
BY  T.  C.  HOPKINS 

This  paper  is  printed  as  pages  475^02  of  this  volume. 

CONTACT  MBTAMORPHISM  OF  A  BASIC  IGNEOUS  BOCK 
BY  U.   8.   GRANT 

This  paper  is  printed  as  pages  503-^10  of  this  volume. 

THE  COMPOSITE  ROCK  DIAGRAM 
BY  W.   n.    HOBBS 

The  substance  of  this  paper  is  printed  in  the  Journal  of  Geology, 
volume  viii. 

RELATIONS  BETWEEN  THE  OZARK  UPLIFT  AND  ORB  DEPOSITS 
BY   KRABMUB   HA  WORTH 

This  paper  is  printed  as  pages  231  to  240  of  this  volume. 

The  scientific  work  of  the  meeting  was  declared  completed. 

On  motion  of  W.  M.  Davis,  a  resolution  of  thanks  was  voted  to  Fel- 
lows of  the  Local  Committee  for  their  careful  provision  for  the  success 
of  the  meeting,  and  to  the  Washington  Academy  of  Sciences  for  the 
reception  of  Friday  evening. 

The  Society  then  adjourned. 
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Session  of  the  Cordilleran  Section,  Friday,  December  29 

The  announcement  of  the  meeting,  preceding  the  preliminary  list  of 
papers,  was  as  follows : 

A  year  ago  about  a  dozen  west  coast  geologists  met  at  Berkeley  and  organized 
the  Ck>rdilleran  Geological  Club.  The  organization  was  at  once  recognized  as  tem- 
porary, and  the  project  of  organizing  permanently  as  a  section  of  the  Geological 
Society  of  America  formed  a  leading  topic  of  discussion  at  the  meeting.  The  fol- 
lowing spring  a  number  of  Fellows  of  the  Society  resident  in  California  memorialized 
the  Cijuncil  of  the  Society,*  setting  forth  their  inability  to  be  present  at  the  meet- 
inj^  of  the  Society  owing  to  the  great  distance  at  which  they  reside  from  the  usual 
places  of  meeting,  and  praying  for  legislation  on  the  part  of  the  Society  which 
would  enable  them  to  meet  as  a  geographically  distinct  section  of  the  Society. 
Since  the  memorial  was  forwarded  to  the  Secretary  there  has  been  no  meeting  of 
the  Council,  but  the  Secretary  states  that  such  an  organization  would  be  within 
the  constitution,  and  advises  that  the  organization  be  proceede<l  with.  Prominent 
Fellows  of  the  Society  in  the  East  have  been  consulted,  and  have  also  cordially 
commended  the  project  as  consistent  with  and  serving  the  main  purposes  of  the 
Society. 

Under  these  circumstances,  the  undersigned,  with  the  approval  of  several  Fellows 
of  the  Society  wiih  whom  he  has  consulted,  has  ventured  to  call  a  meeting  of 
Fellows  resident  in  the  Cordilleran  portion  of  the  country,  to  be  held  on  December 
29  and  30, 1899,  in  the  rooms  of  the  Academy  of  Sciences,  San  Francisco,  California. 

The  purpose  of  the  meeting  will  be  to  effect  such  organization,  under  the  con- 
stitution of  the  Society,  as  the  circumstance  of  separate  meetings  may  seem  to 
demand,  and  to  participate  in  the  discussion  of  geological  questions. 

Andrew  C.  Lawson. 
BEaKBLBY,  California,  December  5,  1899. 

The  meeting  was  called  to  order  at  11  o'clock  a  m,  in  the  council-room 
of  the  Academy  of  Sciences. 

The  Section  was  organized  by  electing  Joseph  Le  Conte  chairman  and. 
Andrew  0.  Lawson  secretary. 

An  executive  committee,  consisting  of  the  Chairman  and  Secretary 
and  J.  E.  Talmage,  to  attend  to  the  affairs  of  the  Section,  was  ap- 
pointed. 

The  Executive  Committee  was  authorized  to  pass  upon  accounts  of 
expenditures  and  to  arrange  the  time  and  place  of  the  next  meeting. 

♦  See  page  587  of  this  volume. 
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Session  of  the  Cordilleran  Section,  Saturday,  Decrmbek  30 

The  following  paper  was  read  by  J.  C.  Merriam,  in  the  absence  of  the 
author : 

aOAT-ANTBLOPE  FROM  THE  CA  VB  FAUNA  OF  PIKES  PEAK  REGION* 
BY   P.    W.    CRAG  IN 

The  two  principal  Manitou  caves,  the  cave  of  the  Winds  and  the  Grand  caverns, 
are  well  known  to  all  transcontinental  tourists  who  have  visited  Manitoa.  They 
are  in  the  lowest  Silurian  formation,  which,  in  the  Pikes  Peak  Folio  of  the  Geo- 
logic Atlas  of  the  United  States,  Mr  Whitman  Cross  has  named  the  "  Mauitou 
limestone/'    Other  and  smaller  caves  are  frequent  in  the  same  formation. 

From  the  cave  of  the  Winds  and  the  Grand  caverns  considerable  cave-earth  has 
been  taken  in  the  process  of  restoring  some  of  the  galleries  and  chambers  to  original 
or  convenient  dimensions,  but  no  evidences  of  an  extinct  fauna  have  thus  been 
brought  to  light. 

In  having  the  cave-earth  removed  from  a  cave  in  the  Manitoa  limestone  of  his 
Glen  Eyrie  estate  a  few  years  since,  General  William  J.  Palmer,  with  his  usual 
foresight,  saved  the  organic  remains,  consisting  of  a  number  of  bones  thrown  oat 
with  the  earth  by  the  workman,  and  these  he  very  kindly  submitted  to  the  writer 
for  determination. 

Two  of  the  specimens  were  at  once  recognized  as  proximal  phalanges  of  a  slender- 
limbed  type  of  horse  occurring  elsewhere  in  the  interior  west,  associated  with  the 
remains  of  elephants,  ground  sloths,  llamas  of  cameline,  as  well  as  of  smaller, size, 
large  carnivores,  and  land  tortoises  of  late  Pliocene  or  Quaternary  age,  and  thus 
indicating  for  the  cave  at  least  a  corresponding  antiquity. 

The  other  remains  found  in  the  cave  at  Glen  Eyrie  were  identified  last  summer, 
when  the  writer  was  first  able  to  compare  them  with  extensive  series  of  skeletons 
in  the  United  States  National  Museum.  The  smaller  bones,  a  jaw  and  two  femure, 
were  soon  found  to  belong  to  a  species  of  woodchuck,  different  from  the  common 
one  of  eastern  North  America,  and  not  improbably  so  from  the  yellow-bellied 
woodchuck  which  is  the  present  species  of  the  central  Rocky  mountains.  The 
larger  bones  pertained  to  the  right  forelimb  of  a  young  ruminant,  or  two-toeti 
ungulate,  which  some  ancient  beast  of  prey  had  doubtless  dragged  into  the  cave 
as  a  choice  morsel  to  feed  on  at  leisure.  They  were  humerus  and  cannon-bone,  in 
which  part  of  the  epiphyses  were  missing,  not  yet  having  united  with  the  shaft 
It  was  at  first  thought  that  they  mi^ht  have  pertained  to  a  Rocky  Mountain  sheep, 
or  bighorn.  From  the  skeleton  of  this,  however,  they  widely  differed,  as  they  also 
did  from  that  of  the  mountain  goat,  mazama.  From  all.otlier  recent  North  Amer- 
ican two-toed  ungulates  the  departure  was  still  wider.  Reference  was,  however, 
made  to  Asiatic  forms,  and  it  was  soon  found  that  the  bones  in  question  closely 
agreed  with  those  of  the  Capricorn  or  goat-antelope  genus,  NemojrhtrduSy  represente«l 
today  by  several  species  living  in  the  Himalayas  and  other  mountains  of  Asia, 
Japan,  and  Formosa.    Of  this  genus  there  are  two  sections.    One  includes  clunisier- 

*  Owing  to  the  unfortunate  Ions  of  the  speoimons  it  became  necessary  to  uho  the  rouffh  dnw- 
ingH  made  from  them  to  illuHtrute  thin  paper.  iuHtoad  of  reproducing  photographs  as  origmally 
intended.— Ed. 
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built  animals,  which,  however,  resemble  the  deer  in  having  a  tear-pit  in  the  face 
and  which  are  solitary  in  habit.  These  are  the  serows,  of  the  subgenus  Capricomis, 
The  other,  of  the  section  or  subgenus  Kemas,  includes  more  graceful  forms,  the 
gorals,  which  lack  tear-pits  and  go  in  small  parties.  It  is  impossible,  in  thp  absence 
of  a  skull  from  the  Glen  Eyrie  Cave  material,  to  be  quite  sure  whether  the  par- 
ticular species  of  Nemorhadxis  that  inhabited  the  Pikes  Peak  region,  and  which,  in 
recognition  of  General  Palmer's  liberal  patronage  of  science  and  edflcation,  I  shall 
call  Nemorhoedus  palmeri,  was  a  serow  or  a  goral.  Of  the  serows,  the  osteological 
collections  of  the  National  Museum  included  a  skull,  but  no  skeleton ;  but  the  agree- 
ment of  the  two  limb  bones  with  the  corresponding  ones  of  the  species  of  goral  in 
the  Museum  (Nemorhcedus  crispiis,  or  Kemas  crispu8^  of  Japan)  is  such  that  the 
differences  can  hardly  be  considered  of  more  than  specific  value,  and  it  seems 
probable  that  our  Rocky  Mountain  goat-antelope  was  a  goral.  A  glance,  therefore, 
at  the  species  of  goral  that  inhabits  an  interior  mountain  region  of  Asia  corre- 
sponding with  ours  of  North  America  may  be  of  sufficient  interest  to  take  in  this 
connection.  The  following  account  of  the  goral  of  the  Himalaya  is  collated  from 
Jerdon's  **  Mammals  of  India"  and  Lydekker's  *'  Chapters  on  Hoofed  Animals"  : 

The  animal  is  very  caprine  in  appearance,  the  back  somewhat  arched,  the  limbs 
stout  and  moderately  long.  It  is  well  adapted'for  both  climbing  and  jumping.  It 
stands  some  27  to  30  inches  high  at  the  shoulder,  the  head  and  body  measuring  50, 
the  tail  4,  and  the  horns  8  inches  in  length.  The  horns,  which  are  present  in  both 
sexes,  and  only  a  little  larger  in  the  male  than  in  the  female,  incline  backward  and 
slightly  inward,  and  are  a  little  recurved.  They  are  shorter  than  the  skull,  black 
in  color,  round  in  cross-section,  and  ornamented  with  20  to  25  encircling  raised 
folds.  The  fur  is  somewhat  rough,  of  two  kinds  of  hair,  and  there  is  a  short,  semi- 
erect  mane  in  the  male.  The  color  is  brown,  with  a  more  or  less  decided  gray  or 
ruddy  tinge,  a  little  lighter  beneath.  The  throat  is  white.  A  dark  line  runs  down 
the  back  from  crown  to  tail,  and  the  front  surface  of  the  legs  are  also  marked  with 
dark  streaks.  Though  found  considerably  higher  and  lower,  ranging  from  3,000 
to  8,000,  the  Himalayan  gorals  are  commonest  at  elevations  of  5,000  to  6,000  feet 
above  sealevel.  They  inhabit  rugged  grassy  hills  and  rocky  ground  in  the  midst 
of  forests,  and  are  usually  found  in  small  family  parties  of  three  to  eight.  If  one 
goral  is  seen,  you  may  be  pretty  sure  that  others  are  not  far  off.  They  rarely  or 
never  forsake  their  own  feeding  grounds.  In  cloudy  weather  they  feed  at  all  hours 
of  the  day ;  in  fair  weather,  only  morning  and  evening.  When  one  is  alanned,  it 
gives  a  short  hissing  sound,  which  is  answered  by  all  within  hearing. 

The  Glen  Eyrie  cave  bones  of  the  Nemorlmdm^  though  considerably  less  discol- 
ored and  mineralized  than  those  of  the  horse,  are  well  preserved  and  appear  inter- 
mediate in  this  respect  between  the  latter  and  those  of  the  woodchuck  ;  but  it  is, 
of  course,  impossible  to  draw  from  this  any  certain  inference  as  to  the  relative 
geological  age  of  the  specimens,  since  the  petrifactive  conditions  may  have  varied 
in  different  parts  of  the  cave-earth  ;  yet,  so  far  as  the  evidence  goes,  it  tends  to 
indicate  a  greater  antiquity  for  the  horse  bones. 

If  the  range  of  the  Pikes  Peak  Capricorn  corresponded  nearly  with  that  of  the 
Himalayan,  and  thecAveof  the  capricorn-eating  carnivore  was  conveniently  located 
within  the  zone  of  the  greatest  abundance  of  the  (luarry — 5,000  to  (5,000  feet  above 
sealevel — the  Rocky  Mountain  plateau  must  have  stood  something  like  one  or  two 
thousand  feet  lower  in  its  Capricorn  epoch  than  today,  as  the  present  elevation  of 
the  cave  approaches  7,000  feet ;  and  as  the  two  conditions  above  predicated  are 
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those  most  likely  to  have  prevailed,  it  seems  quite  probable  that  Netnorfurdu*,  as 
an  element  of  the  North  American  fauna,  belonged  to  the  Cliamplain  phase  of  the 
Glacial  epoch. 

The  finding  of  goat-antelopes  as  members  of  an  extinct  fauna  of  the  Rot-ky 
mountains,  while  it  was  quite  unexpected,  is  no  more  remarkable  than  that  ele- 
phants, which,  iM)t  only  by  present  habitat  but  also  by  the  very  place  of  their 
origin  from  the  mastodon  stock,  are  Asiatic  types,  abounded  in  Pleistocene  times 
throughout  all  North  America,  to  which  the  A8iatic*fauna  doubtless  had  measur- 
able access  by  way  of  lands  now  interrupted  in  the  vicinity  of  Bering  strait.  The 
Asiatic  mammoth,  Elephas  prbnigenim  var.  primigeniMS,  occurs  in  trans-siermn 
America,  and  elephant  remains  of  an  extinct  species,  related  to  the  mammoth  and 
to  the  modern  Asiatic  rather  than  to  the  African  elephant,  are  common  on  the 
Great  plains  and  have  been  found  in  the  Rocky  mountains  as  high,  at  least,  as  the 
bogs  of  Grassy  gulch  in  the  Cripple  Creek  mining  district. 

The  cave  fauna  of  Glen  Kyrie  was  first  publicly  describetl  in  a  popular  le<'ture 
delivered  by  the  writer  before  the  Colorado  College  Scientific  Society  on  the  27tli 
of  October  last,  and  which  was  printed  in  the  Colorado  Springs  Gazette'of  Novem- 
ber 12. 

The  writer  wishes  to  acknowle<lge  his  indebtedness  in  this  connection  to  the 
departments  of  the  National  Museum  in  charge  of  Messrs  F.  A.  LucJis  and  F.  W. 
True  for  facilities  of  study  grantetl,  and  particularly  to  Mr  Marcus  VV.  Lyon,  Jr., 
who  personally  assisted  him  in  comparing  the  Glen  Eyrie  cave  siHJcimens  of 
Nemorhwdtii  and  Arctomys  with  recent  osteological  material. 

The  seven  following  papers  were  read  by  the  authors: 

GROUND  SLOTHS  IX  THE  CALIFORNIA  QUATERNARY 
BY   JOHN   C.    MERRIAM 

Among  the  vertebrate  fossils  which  have  been  brought  to  light  in  mid<lle  Cali- 
fornia within  the  pjist  year  there  are  two  specimens  which  are  of  more  than  ordi- 
nary interest,  as  they  indicate  the  existence  of  that  peculiar  group  of  mammals 
known  as  ground  sloths  in  this  region,  within  comparatively  recent  times.  The 
first  of  these  specimens  to  become  known  was  a  large  humerus,  received  by  the 
writer  for  determination  from  Mr  A.  Huff,  who  had  found  it  near  Hamlet  station, 
on  the  east  side  of  Tomales  bay.  In  August  last  the  writer  visited  Hamlet  in 
order  to  determine  if  possible  the  exact  occurrence  of  the  humerus,  but  was  not 
able  to  do  so,  owing  to  the  absence  of  Mr  Huff.  Two  months  later  Mr  F.  C.  Calk- 
ins visited  the  locality  at  the  writer's  request  and  examined  the  snot  from  which 
the  humerus  was  txiken.  To  Mr  Calkins  I  am  indebted  for  the  exact  data  relating 
to  its  occurrence. 

The  phace  pointed  out  to  Mr  Calkins  as  that  from  which  the  humerus  was  ob- 
tained is  in  a  small  run  about  three-quarters  of  a  mile  southeast  of  Hamlet  and 
about  100  feet  above  the  level  of  the  bay.  The  stream  in  the  run  has  cut  down 
quite  sharply  for  about  12  feet  into  a  loose,  sandy  clay  at  the  spot  where  the  speci- 
men was  obtained.  Above  this  point  it  fiows  through  or  over  deposits  similar  to 
those  just  mentioned,  and  over  rocks  of  the  Franciscan  series,  so  that  the  speci- 
men must  be  derived  from  one  or  the  other  of  these  formations.  As  the  Fmncis- 
can  rocks  are  of  middle  Mesozoic  age  and  have  suffered  much  disturbance,  the 
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only  possible  source  of  such  a  specimen  as  that  which  we  have  under  considera- 
tion is  the  more  recent  deposit. 

Incoherent,  yellowish,  sandy  clays,  similar  to  those  just  mentioned,  form  the  most 
prominent  feature  of  the  geology  along  the  east  side  of  Tomales  bay  between  Point 
Reyes  station  and  Hamlet.  In  many  places  they  form  prominent  seacliffs  up  to 
40  feet  in  height.  They  are  everywhere  unsolidified  and  frequently  show  hori- 
zontal stratification.  Mr  Calkins  considers  the  beds  in  the  stream  cutting  in 
which  the  humenis  was  found  as  an  extension  of  this  deposit  up  the  slope  of  the 
hill.  Judging  from  their  incoherent  nature  and  horizontal  stratification,  these 
beds  are  certainly  much  younger  than  the  latest  Pliocene  in  the  region.  Except- 
ing the  humerus,  the  only  fossil  obtained  from  them  is  a  badly  worn  elephas  tooth, 
which  was  picked  up  on  the  shore  of  Tomales  bay  near  Point  Reyes.  This  forma- 
tion resembles  the  deposits  along  the  shores  of  San  Pablo  and  Suisun  bays,  in 
which  a  Quaternary  fauna,  both  molluscan  and  mammalian,  has  been  obtained 
by  the  writer.  In  this  connection  the  preservation  of  the  specimen  is  a  note- 
worthy character,  as  the  bone  is  absolutely  intact  and  the  original  material 
unchanged.    One  might  almost  suppose  it  a  product  of  the  last  half  century. 

Two  edentate  humeri,  much  resembling  the  specimen  under  consideration, 
have  been  described  from  western  North  America.  The  first  specimen  was  dis- 
covered on  the  Willamette  river,  Oregon,  in  1839,  by  Mr  Ewing  Young.  In  1842 
it  was  described  and  figured  by  H.  C.  Perkins.*  The  humerus  and  a  large  gravi- 
grade  tooth,  associated  with  elephas  and  bos  or  bison  remains,  were  found  about 
12  feet  below  the  surface,  presumably  in  a  Quaternary  deposit.  This  specimen  was 
provisionally  named  Orycterotherium  oregonensis^  but  was  afterward  referred  to 
Mylodon  by  Sir  Richard  Owen. 

The  other  specimen,  together  with  a  femur,  wa;S  obtained  by  Marsh  from  Alameda 
county,  California  (locality  unknown),  and  was  described  by  him  as  the  type  of 
a  new  genus,  Moroiherium,  species  gigas.  Marsh  considered  Morotherium  most 
nearly  related  to  Megalonyx  and  Mylodoiiy  being  distinguished  from  the  former  by 
the  absence  of  a  supra-condylar  foramen  in  the  humerus,  and  from  the  latter  by  the 
absence  of  a  depression  for  the  round  ligament  in  the  head  of  the  femur. 

Unfortunately  in  the  type  specimen  of  Morotherium  gigas  the  only  portion  of 
the  humerus  preserved  is  the  distal  end,  minus  the  outer  and. inner  condyles,  so 
that  it  is  not  possible  to  make  a  satisfactory  comparison.  To  as  much  of  it  as  is 
preserved,  the  Tomales  Bay  specimen  shows  a  strong  resemblance.  With  the 
Willamette  River  humerus,  of  which  good  outline  drawings  were  given  by  Perkins, 
our  specimen  agrees  perfectly,  excepting  in  one  particular.  In  Perkins*  drawings 
the  deltoid  ridge  shaws  a  deep  narrow  notch  near  the  lower  end,  which  is  not  pres- 
ent in  the  Tomales  Bay  specimen.  In  his  article  Perkins  states  that  there  are 
remains  of  a  large  protuberance  on  the  outside  of  the  humerus,,  a  little  more  than 
half  way  down  the  body  of  the  bone,  so  that  the  notch  in  the  deltoid  ridge  is 
possibly  an  irregularity  in  the  weathered  or  broken  bone.  In  the  figures  of  the 
humerus  of  Mylodon  which  the  writer  has  seen  no  such  notch  appears.  The  two 
specimens  are  of  nearly  the  same  dimensions  throughout.  The  principal  differ- 
ence is  in  the  length,  the  Willamette  specimen  measuring  about  20,  the  other  18} 
inches  long.  The  humerus  of  Morotherium  gigas  is  about  the  same  size  as  the 
other  two  specimens. 

♦Amer.  Joiyr.  Sci.,  vol.  42,  p.  137. 
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It  is  not  improbable  that  the  Willamette  mylodon,  Aforatherium  gigas^  and  the 
Tomales  Bay  form  are  all  of  the  same  g^enus,  possibly  of  the  same  species.  Poesibly 
thoy  are  all  Mijlodon^  but  since  the  humeraa  is  not  well  preserved  in  Maroikerium, 
and  the  femur,  on  which  that  genus  was  based,  is  absent  in  the  other  two  speci- 
mens, it  is  not  possible  at  the  present  time  to  determine  their  relationships  satis- 
factorily. 

Thoui^h  it  is  not  fully  apparent  to  the  writer  that  the  ^nus  AforotJierium,  as  de- 
fined by  Marsh,  stands  on  a  perfectly  firm  foundation,  that  name  will  be  api)lie<l 
to  the  Tomales  Bay  specimen  until  further  evidence  can  be  obtained. 

The  second  acquisition  consists  of  fragments  of  humeri. from  near  Martinez, 
Contra  Costa  country.  They  include  a  distal  end,  possibly  also  the  proximal  end, 
of  a  right  humerus,  presented  to  the  University  of  California  by  Judge  Jones,  of 
Martinez.  These  fragments  were  obtained  by  him  some  years  ago  from  a  loose, 
horizontally  stratified  deposit  along  the  shore  of  Suisun  bay,  east  of  the  town. 
Associated  with  them  were  bones  and  teeth  of  elephas  and  of  a  large  species  of 
Equus.  The  fragment  representing  the  distal  end  of  the  humerus  shows  the  artic- 
ular surfaces,  the  outer  condyle,  and  the  supinator  ridge  i>erfectly,  but  the  inner 
condyle  is  missing.  It  very  closely  resembles  the  specimen  from  Tomales  bay, 
but  is  possibly  from  a  somewhat  larger  animal,  in  whicii  the  Jower  end  of  the 
deltoid  ridge  was  a  little  less  prominent  than  in  that  form. 

Several  miles  west  of  Martinez,  along  the  shore  of  San  Pablo  bay,  there  are 
numerous  occurrences  of  a  deposit  similar  to  that  east  of  the  town.  In  these  beds 
there  have  been  found  remains  of  elephas  and  bison  (?  •,  along  with  a  marine  fauna, 
consisting  of  recent  species,  so  that  there  can  be  no  doubt  as  to  the  Quaternary 
age  of  the  deposit.  The  beds  at  Tomales  bay  evidently  belong  to  the  same  epoch 
as  those  of  San  Pablo  and  Suisun  bays.  It  is  probable  that  the  other  mylodon-Iike 
remains  from  this  coast,  including  the  footprints  at  Carson,  Nevada,  also  belong 
to  the  Quaternary. 

CLASSIFICATION  OF  THE  JOHN  DA  Y  BEDS 

BY  JOHN   C.    MBRRIAU 

An  abstract  is  published  in  Science,  February  9,  1900,  volume  xi, 
page  219. 

NOTES  CONCERNING  EROSION  FORMS  AND  EXPOSURES  IN  THE  DESERTS  OF 
SOUTH  CENTRAL  UTAH 

BY   J.    E.   TALMAGB 

A  brief  abstract  is  published  in  Science,  February  9,  1900,  volume  xi, 
page  220. 

PECULIAR  MARKINGS  ON  SANDSTONES  FROM  GLEN  CANTON,  ARIZONA 
BY   J.    B.    TALMAGB 

A  brief  abstract  is  published  in  Science,  February  9, 1900,  volume  xi, 
page  220. 
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CONOLOMBBATB  ^'PUDDINGS''  FROM  PARI  A  RIVER,  UTAH 
BY  J.    B.   TALMAGB 

A  brief  abstract  is  published  in  Science,  February  9, 1900,  volume  xi, 
page  220. 

AN  BARLY  OBOLOGICAL  EXCURSION 
BT  JOSEPH  LB  CONTB 

A  brief  abstract  is  published  in  Science.  February  9, 1900,  volume  xi, 
page  221. 

TffE  SANDSTONE  REEFS  OF  BRAZIL 
BY  JOHN  0.   BRAKNBR 

The  ninth  paper  was  read  by  A.  C.  Lawson,  in  the  absence  of  the 
author : 

A  TOPOGRAPHIC  STUDY  OF  THE  ISLANDS  OF  SOUTHERN  CALIFORNIA 
BY  W.   B.   TANGIER  SUITH   (INTRODUCED  BY  A.   C.    LAWSON) 

A  brief  abstract  is  published  in  Science,  February  9, 1900,  volume  xi, 
page  221. 

The  tenth  paper  was  read  by  title : 

THE  GEOLOGICAL  SIGNIFICANCE  OF  SOIL  STUDY 
BY  B.    W.    HILGARD 

A  brief  abstract  is  published  in  Science,  February  9, 1900,  volume  xi, 
page  221. 

The  eleventh  paper  was  read  by  the  author : 

THE  PENEPLAIN  QUESTION  ON  THE  PACIFIC  COAST 
BY  H.   W.   FAIRBANKS 

The  next  two  papers,  in  the  absence  of  the  authors,  were  read  by  A.  C. 
Lawson : 

THOMSONITB,  MBSOLITE,  AND  CIIABAZITE  FROM  GOLDEN,  COLORADO 
BY   HORACE  B.    PATTON 

The  paper  is  printed  as  pages  461  to  474  of  this  volume. 

LXXXVI— Bull.  Grol.  Soc.  Am.,  Vol.  11.  1899 
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THE  AMERICAN  DEVONIAN  PLAC0DBRM8 
BY  E.   W.   CLAYPOLB 

The  fourteenth  paper  was  read  by  the  author : 

THE  BERKELEY  HILLS-A  DETAIL  OF  COAST  RANGE  GEOLOGY 
BY  ANDREW  C.   LAW80N 

The  fifteenth  and  last  paper  was  read  by  A.  C.  Lawson,  in  absence  of 
the  author : 

SOME  COAST  MIGRATIONS,  SANTA  LUCIA  RANGE,  CALIFORNIA 
BY  BAILEY  WILLIS 

The  paper  is  printed  as  pages  417  to  432  of  this  volume. 
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(A)  From  Societies  and  Institutions  ueceiving  tue  Bulletin  as  Donation 

("Exchanges") 

(a)  AMERICA 

NEW  YORK  STATE  MUSEUM,  ALBANY 

1667.  Annual  Report,  no.  49,  part  ii,  1898. 

BOSTON  SOCIETY  OF  NATURAL  HISTORY,  BOSTON 

1267.  Proceedings,  vol.  xxviii,  nos.  1,  15,  16,  1899. 
1700.  •'  **     xxix,  nos.  i.  ii,  1899-'00. 

MUSEO  NACIONAL  DE  BUENOS  AIRES,  BUENOS  AIRES 

1539.  Comunicaciones,  tomo  i,  num.  2  5,  1898-'99. 
1730.  Anales,  tomo  vi  (serie  2,  tomo  iii),  1898-'99. 

CHICAGO  ACADEMY  OF  SCIENCES,  CHICAGO 

1694.  Bulletin  no.  iii,  part  i,  The  moUusca  of  the  Chicago  area,  etcetera. 

1695.  Fortieth  Annual  Report,  1897. 

FIELD  COLUMBIAN  MUSEUM,  CHICAGO 

1030.  Publications  30-32,  37,  38,  Zoological  Series,  vol.  i,  nos.  11-17,  1899. 
1000.  "  33-36,  44,  Geological  Series,  vol.  i,  nos.  3-7,  1899- W. 

1031.  •*  42,  Report  Series,  vol.  i,  no.  5,  1899. 

CINCINNATI  SOCIETY  OF  NATURAL  HISTORY,  CINCINNATI 

1034.  Journal,  vol.  xix;  no.  5,  1899. 

COLORADO  SCIENTIFIC  SOCIETY,  DENVER 
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1036. 
1771. 


1759. 


1684. 
1761. 
1766. 


1654. 


1693. 
1507. 
1770. 


1491. 
1687. 
1748. 
17. 
1769. 


1757. 
1772. 
1773. 


NOVA  8COT1AN  INSTITUTE  OF  SCIENCE,  HALIFAX 

Proceedings  and  Transactions,  vol.  ix,  part  4, 1898. 

"    X,  part  1, 1900. 

MUSEO  DE  LA  PLATA.  LA  PLATA 

Revista,  tome  ix,  1899. 

INSTITUTO  GEOLOGICO  DE  MEXICO.  MEXICO 

Boletin,  num.  11,  Catalogos  Sistematico,  etcetera,  1898. 
"  "      12,  El  Real  del  Monte,  1899. 

' '  ' '      13,  Geologia  de  los  Al  redodores  de  Orizaba ,  etcetera,  1 899. 


1495. 
1585. 
1776. 


NATURAL  HISTORY  SOCIETY  OF  MONTREAL, 
AMERICAN  GEOGRAPHICAL  SOCIETY, 

Bulletin,  vol.  xxxi,  nos.  1-3,  1899. 

AMERICAN  MU8EUM  OF  NATURAL  HISTORY. 

Annual  Report  of  the  President,  etcetera,  1898. 
Bulletin,  vol.  xi,  part  2,  1899. 
**    xii,1899. 

NEW  YORK  ACADEMY  OF  SCIENCES, 

Annals,  vol.  xi,  part  3,  1898. 
"    xii,  parti,  1899. 
Constitution,  List  of  Members,  etcetera,  1899. 
Transactions,  vol.  xi,  nos.  1,  2,  6-8,  1892. 
Memoirs,  vol.  ii,  part  1,  1900. 

GEOLOGICAL  SURVEY  OF  CANADA. 

Annual  Report  (new  series),  vol.  x,  1897,  with  maps. 
Preliminary  Report  on  the  Klondike  Grold  Fields.  1899. 
Map  Sheets  nos.  652-654,  Cape  Breton,  Nova  Scotia. 

ROYAL  SOCIETY  OF  CANADA, 
ACADEMY  OF  NATURAL  SCIENCES, 

Proceedings,  vol.  1,  1899,  parts  1-3. 

AMERICAN  PHILOSOPHICAL  SOCIETY, 

Proceedings,  vol.  xxxvii,  no.  158. 

**  "     xxxviii,  nos.  159.  160. 

•      "  **    xxxix,  no.  161. 


MONTREAL 
NEW  YORK 

NEW  YORK 


NEW  YORK 


OTTAWA 


OTTAWA 
PHILADELPHIA 

PHILADELPHIA 


MUSEO  NACIONAL  DO  RIO  DE  JANEIRO, 
1795-1804.  Archivos,  vols,  i-x,  1876-'99. 

CALIFORNIA  ACADEMY  OF  SCIENCES. 


RIO  DE  JANEIRO 


SAN  FRANCISCO 


1653.  Occasional  Pai>ers,  vi,  1899,  New  Mallophaga,  iii. 

1282.  Proceedings,  third  series,  Geology,  vol.  i,  nos.  5,  6,  1899. 

GEOLOGICAL  SURVEY  OF  NEWFOUNDLAND, 


8T  JOHNS 
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ACADEMY  OP  SCIENCE. 

1454.  TransactionB,  vol.  viii,  nos.  7-12,  1898. 
1683.     •*      "  ix,  nos.  1-9,  1899. 
1775.     "      *'  X,  nos.  1,  2,  1900. 

COMMISSAO  6E0GRAPHICA  E  6EOLOGICO. 

1286.  Boletin,  11-14,  1895-'97. 

1294.  Dados  Climatoloj?ico8,  1896-'97. 

NATIONAL  GEOGRAPHIC  SOCIETY. 

1589.  National  Geographic  Magaziuie,  vol.  x,  nos.  1-12,  1899. 
1750.        •'  "  "  •*    xi,  nos.  1-5,  1900. 

LIBRARY  OP  CONGRESS, 

SMITHSONIAN  INSTITUTION, 

1658.  Annual  Report,  1896,  727  pp.,  8vo. 
1676.        "  **        1897,.686pp.,  8vo. 


ST  LOUIS 


SAO  PAULO 


WASHINGTON 


WASHINGTON 


WASHINGTON 


'UNITED  STATES  GEOLOGICAL  SURVEY. 


WASHINGTON 


144. 
1689-1692. 
1720-1723. 
1724-1727. 

1534. 

1794. 
1777-1779. 
1792, 1793. 
1806-1808. 
1809-1812. 


Bulletins,  nos.  63,  64,  and  66,  1890. 
Eighteenth  Annual  Report,  parts  i-iv,  4  vols.,  1896-'97. 
Monographs,  xxix,  xxxi,  with  atlas,  and  xxxv. 
Nineteenth  Annual  Report,  parts  i,  iv,  vi,  and  vi  continued. 
Bulletins,  nos.  157-159, 1899. 
"  "     160-162,  1899. 

Nineteenth  Annual  Report,  parts  ii,  iii,  and  v,  with  v  atlas. 
Monographs,  xxxvii  and  xxxviii,  1899. 

Twentieth  Annual  Reix)rt,  parts  i,  vi,  and  vi  continued,  1899. 
Monographs,  xxxii,  part  ii,  xxxiii,  xxxiv,  and  xxxvi,  1899. 


UNITED  STATES  NATIONAL  MUSEUM. 


WASHINGTON 


(6)  EUROPE 

DEUTSCHE  GEOLOGISCHE  GESELLSCHAFT, 

1509.  Zeitschrifl,  band  i,  heft  3,  4,  lS98. 
1731.  '*  "      ii,  heft  1-3,  1899. 

k6'niglich  PREUSSISCHEN  geologischen  landesan- 

STALT  UND  BERGAKADEMIE, 

GEOGRAPHISCHEN  GESELLSCHAFT. 
1328.  Jahresbericht,  xv,  1896,  heft  2. 
1655.  "  xvi,  1897. 

R.  ACCADEMIA  DELLE  SCIgNZE  DELL'  INSTITUTO  Dl 
BOLOGNA. 

ACADfeMIE  ROYALE  DES  SCIENCES, 


BERLIN 


BERUN 
BERNE 


BOLOGNA 
BRUSSELS 
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419. 

420. 
1697. 
1331. 

1765. 

1503. 
1749. 


1483. 
1681. 
1780. 

1527. 
1739. 


1707. 


SOClfeTE  BELGE  DE  GEOLOGIE,  DE  PALfeONTOLOGIE 

ET  D'HYDROLOGIE.  BRUSSEIJj 

Bulletin,  tome  iv,  fasc.  3,  1890. 
"    V,  fasc.  2,  1891. 
"    xii,  fasc.  1,  2,  1898. 
"    X,  fesc.  4,  1896. 

BIUROULI  GEOLOGICA,  BUCHAREST 

Anuarulu,  Mus.  de  jj^eol.  si  de  Paleoii.,  1896. 

MAGYARHONI  FOLDTANI  TAR8ULAT,  BUDAPEST 

Foldtani  Kozlony,  xxviii  katet,  10-12  fuaet,  1898. 
'*  "        xxix  kotet,  1-7  fuset,  1899. 

NORGES  GEOLOG18KE  UNDER80GELSE,  CHRISTIANA 

ACADEMIE  ROYALE  DES  SCIENCES  ET  DES  LETTRES 

DE  DANEMARK,  COPEN'HAiiEN 

Oversigt  i  Aaret,  1898.  nr.  6. 
"         •*      **      1899,  nr.  1-6. 
**      "      1900,  nr.  1. 

NATURWISSEN8CHAFTLICHEN  GESELL8C1IAFT  ISIS,  DRF^I>EN 

Sitzuiigsberichte  und  Abhaudlungen,  Jahrg.  1898,  Jul.-Dec. 

1899,  Jan.-I)ec. 


1673-1674. 

1675. 

1743-1744. 

1516. 
1126. 


1751. 
1754. 
1753. 


ROYAL  SOCIETY  OF  EDINBURGH, 
NATURFORSCHENDEN  GESELLSCHAFT. 

Berichte,  band  xi,  heft  i,  1899. 

GEOLOGICAL  SOCIETY  OF  GLASGOW, 

PETERM ANN'S  GEOGRAPHISCHE  MITTHEILUNGEN, 

KSL.  LEOP.  CAROL.  DEUTSCHEN  AKADEMIE  DER 
NATURFORSCHER, 

Nova  Acta,  bande  Ixx,  Ixxi,  1898. 

I^opoldina,  heft  xxxiv,  1898. 

Nova  Acta,  bande  Ixxii  and  Ixxiv,  1899. 

GEOLOGISKA  UNDERSOKNING, 
Bulletin,  nos.  6,  8,  and  10,  1898-'99. 
Beskrifning  till  Kartbladet,  no.  34,  1899,  with  maps. 

SOCIETE  DE  GEOGRAPHIE  DE  FINLANDE, 
Bulletin,  Fennia  14  and  15,  1897-'99. 

**  **        17.  Atlas  de  Finlande,  Texte,  1899. 

Atlas  de  Finlande,  1899. 

SOClfeTfe  GEOLOGIQUE  SUISSE, 


EDINBURGH 
FREIBURG,  I.  B. 


GLASGOW 
UUTHA 


HALLE 


HELSINGFOKiJ 


UELSIXGPORS 


LAUSANNE 
LEU>EN 


1709. 
1710. 


GEOLOGISCH  REICHS-MUSEUM, 

Beitriige  zur  Geologie  Ost-Asiens  und  Australiens,  band  v,  hefl  Maud 

6,  1899. 
Same,  band  vi,  heft  i. 
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1340. 

1505. 

1682. 
1774. 

1688. 
1768. 


1342. 
1501. 
1696. 
1767. 


1705. 


1139. 


1667. 
1740. 


1591. 
1679. 
1350. 
1763. 


1652. 
1660-1662. 
1663-1665. 

1666. 


K.  SACHS18CHE  OESELLSCHAFT  DEB  WI88ENSCHAFTEN,         LEIPZIG 

Abhandlungen,  der  Mathematische-Physische  Classe,  band  zxiv,  heft 

6,  1898. 
Bericbte  fiber  die  Verhandlnngen,  Math.-Phys.  Claese,  band  1,  natur- 

wissenschaftlichen  theil. 
Bericbte  liber  die  Yerhaudlungen,  Matb.-Phys.  Classe,  band  li,  1899. 

1, 1900. 
Abhandlungen  der  Math.Phys.  Classe,  band  xxv,  1899. 

•'      xxvi,  heft  1,  2, 1900. 

80CIETE  GfiOLOGIQUE  DE  BELGIQUE.  LIEGE 

Annales,  tome  xxiv,  livr.  3,  1897. 
"    xxv,  livr.  2,  1898. 
•*  "    xxvi,  livr.  1-3, 1809. 

*'     xxvii,  livr.  1,  1900. 


1659. 


1699. 


1677. 


SOCIETY  GfeOLOGIQUE  DE  NORD, 

Annales,  xxvii,  1898. 

COMMISSAO  DOS  TRABALHOS  GEOLOGICOS  DE  PORTUGAL, 

Communicacoes,  torn,  iii,  fasc.  2,  1899. 

BRITISH  MUSEUM  (NATURAL  HISTORY), 

List  of  the  Types  of  Fossil  Cephalopoda  in  the,  1898. 
List  of  the  Genera  and  Species  of  Blastoidea  in  the,  1899. 

GEOLOGICAL  SOCIETY. 

Quarterly  Journal,  vol.  Iv,  parts  1-4,  1899. 
Geological  Literature,  5,  1898. 

List  of  the  Geological  Society  of  London,  Nov.  1,  1899. 
Quarterly  Journal,  vol.  Ivi,  part  1,  1900. 

GEOLOGICAL  SURVEY, 

Index  Geological  Map  of  England  and  Wales,  sheets  1-15. 
Menioii-8,  Decades  i-xiii,  British  Organic  Remains,  1849-*72. 
Memoirs,  Monograp'hs  i-iv,  text  and  plates,  1859-78. 
Summary  of  Progress  for  1897  and  1898. 

GEOLOGIST'S  ASSOCIATION. 

Proceedings,  vol.  xvi,  parts  1-6,  1899. 

COMISION  DEL  MAPA  GEOLOGICA  DE  ESPANA, 
SOCIETA  ITALIANA  DI  8CIENZE  NATURALI, 
Atti,  vol.  xxxviii,  fasc.  1-4,  1899-'00. 

SOClfeTfe  IMPftRIALE  DES  NATURALISTES  DE  MOSCOU, 

Bulletin,  Ann6e  1898,  no.  1. 


LILLE 


LISBON 


LONDON 


LONDON 


LONDON 


LONDON 


MADRID 
MILAN 


MOSCOW 
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J571, 
1747. 


1356. 


1506. 
1593. 
1736. 
1764. 


1781-1790. 
1791. 


1488. 
1680. 


1497. 
1719. 


1668. 


1537. 
1678. 


1701-1704. 
1715, 1716. 
1717, 1718. 


1502. 
1760. 
1805. 


1587. 
1708. 
1762. 


K.  BAYERISCHK  AKADEMIE  DER  WISSENSCHAFTEN,  MUNICH 

Sitznngsberichte  der  math.-phys.  Classe,  1898,  heft  4. 
"       "         "  "       1899.  heft  1-2. 

RADCLIFFE  LIBRARY.  OXFORD  UNIVERSITY  MUSEUM.  OXFORD 

Catalogue  of  books  added  during  1898. 

ANNALES  DES  MINES,  PARIS 

Annales,  tome  xiv,  livr.  12,  1898. 
••  "      XV,  livr.  1-6,  1899. 

"      xvi,  livr.  7-12,  18JI9. 
"      xvii,  livr.  1-3,  1900. 

CARTE  GEOLOGIQUE  DE  LA  FRANCE,  PARIS 

Bulletins,  vols,  i-x,  1889-'90, 1898-'99. 
Bulletin,  vol.  xi,  no.  70,  1899.     . 

SOCI^Tfe  GEOLOGIQUE  DE  FRANCE,  PARIS 

Bulletin,  3d»8erie,  tome  xxvi,  nos.  5-7,  1898. 
"      xxvii,  nos.  1-5,  1899. 

REALE  COMITATO  GEOLOGICO  D'lTALIA,  ROME 

BoUetino,  vol.  xxix,  1898,  nos.  3,  4. 
"     XXX,  1899,  nos.  1-4. 

SOCIETA  GEOLOGICA  ITALIANA,  ROME 

Bolletino,  vol.  xvii,  fasc.  1-4,  1898. 

ACADfeMIE  IMF^RIALE  DES  SCIENCES,  ST  PETERSBUR« 

COMITE  GEOLOGIQUE  DE  LA  RUSSIE,  8T  PETERSBURG 

Bulletin,  vol.  xVii,  nos.  4,  5,  1898. 
Memoirs,  vol.  xvi,  no.  1,  1898. 


RUSSISCH-KAISERLICHEN  MINERALOGISCHEN 
GESELLSCHAFT, 


ST  PETERSBURG 
STOCKHOLM 


GEOLOGISKA  BYRAN, 

Sveriges  Geologiska  Undersokning,  Ser.  C,  nos.  162,  176,  178,  179. 

.<    181,  182. 
"    92  and  177,  4to. 


GEOLOGISKA  FORENINGENS. 

Forhandlingar,  band  xxi,  hafte  1-7,  nos.  190-196,  1899. 
"     xxii,  hafte  1-4,  nos.  197-200,  1900. 
General  Register  till  bande  xi-xxi,  1900. 

NEUES  JAHRBUCH  FUR  MINERALOGIE,  GEOLOGIE 
UND  PALiEONTOLOGIE, 

Jahrgang,  1899,  band  i,  heft  1-3. 
1899,  band  ii,  heft  1-3. 
:*         1900,  band  i,  heft  1. 


STOCK  UOLM 


STUTTGART 
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KAISERLICH-KONIGLICHEN  GEOLOGISCHEN 

REICHANSTALT,  VIENNA 

1508.  Jahrbuch,  band  xlviii,  heft  3,  4,  1898, 

1733.  '*  **     xlix,  heft  1-3,  1899. 

KAISERLICH-KONIGLICHEN  NATITUHISTORISCHEN 

HOFMUSEUMS,  VIENNA 

1734.  Aiinalen,  band  xiii,  nos.  1-4, 1898. 

DIE  BIBLIOTHEK  DES  EIDG.  POLYTECHNIKUMS,  ZURICH 


(c)  ASIA 
GEOLOGICAL  SURVEY  OF  INDIA,  CALCUTTA 

1651.  Manual  of  the  Geology  of  India,  Etrononiic  Geology,  part  1,  Corundum, 

1898. 
1517.  General  Report  of  the  Work  carried  on  in  1898-'99. 
1706.  Memoirs,  vol.  xxviii,  part  1,  1899. 

IMPERIAL  GEOLOGICAL  SURVEY,  TOKYO 

(d)  A  USTRALASJA 
GEOLOGICAL  DEPARTMENT  OF  SOUTH  AUSTRALIA,  ADELAIDE 

GEOLOGICAL  SURVEY  OF  QUEENSLAND,  BRISBANE 

1737.  Map  of  the  Chartere  Towers  Gold  Field,  6  sheets,  1899. 

CANTERBURY  MUSEUM,  CHRISTCHURCH 

DEPARTMENT  OF  MINES  OF  VICTORIA,  MELBOURNE 

1713.  Annual  Report  for  1898,  4to. 

1735.  Monthly.  Progress  Reports,  nos.  1-7,  Apr. -Oct.,  1899. 
1745.  Geological  Survey  of  Victoria,  Progress  Reports,  nos.  x  and  xi. 
1774.  Reports  on  Victorian  Coal  Fields,  no.  7.     Report  on  the  Fossil  Flora  of 
South  Gippsland. 


GEOLOGICAL  DEPARTMENT  OF  WESTERN  AUSTRALIA. 

1686.  Map  of  the  Collie  Coal  Field. 

1728.  Map  of  Coolgardie,  4  sheets. 

1499.  Bulletin  no.  3,  Geological  Survey,  1899. 

1582.  Annual  Progress  Report  for  the  Year  1898. 

GEOLOGICAL  SURVEY  OF  NEW  SOUTH  WALES, 

1685.  Memoira,  P^thnological  Series  no.  1,  1899. 

1478.  Mineral  Resources,  nos.  5,  6,  1899. 

1562.  Records,  vol.  vi,  parts  2,  3,  ISIH). 

1738.  Annual  Report  for  1898,  4to. 

ROYAL  SOCIETY  OF  NEW  S(JUTH  WALES, 

1732.  Journal  and  Proceedings,  vol.  xxxii,  1898. 

LXXX VII— Bull.  Gkoi..  Soc.  Am..  Vol.  U.  1 891) 


PERTH 


SYDNEY 


SYDNEY 
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(e)  AFRICA 
GEOLOGICAL  COMMISSION. 

1712.  Annual  Report  for  1897. 


CAPE  TOWN 


(B)  Fkom  State  Gbolooical  Sukybys  and  Mining  Bursaub 

STATE  EXPERIMENT  STATION,  BATON  ROUGE 

1814.  Geological  Survey  of  Louisiana,  Report  for  1899. 

UNIVERSITY  GEOLOGICAL  SURVEY  OF  KANSAS,  LAWRENCE 

1815.  Mineral  Resources  of  Kansas,  1898. 

1816.  Vol.  V,  Special  Report  on  Gypsum,  etcetera. 

WISCONSIN  GEOLOGICAL  AND  NATURAL  HISTORY 

SURVEY,  MADISON 

1741.  Bulletin  no.  4,  Building  Stones  of  Wisconsin. 

GEOLOGICAL  AND  NATURAL  HISTORY  SURVEY  OF 

MINNESOTA,  MINNEAPOLIS 

1742.  Final  Report,  vol.  iv,  1899. 

1817.  Twenty -fourth  Annual  Report  for  189o-*98. 

ALABAMA  GEOLOGICAL  SURVEY.  MONTGOMERY 

1820.  Iron- making  in  Alabama,  second  edition,  1898. 

1821.  Map  of  the  Warrior  Coal  Basin,  1899. 

CALIFORNIA  STATE  MINING  BUREAU.  SAN  FRANCISCO 

1818.  Bulletins  nos.  13,  14,  16,  17. 

GEOLOGICAL  SURVEY  OF  NEW  JERSEY,  TRENTON 

1729.  Annual  Report  of  the  State  Geologist  for  1898. 


(C)  From  Scientific  Societies  and  Institutions 

(a)  AMERICA 

BUFFALO  SOCIETY  OF  NATURAL  SCIENCES. 
1595.  Bulletin,  vol.  vi,  nog.  2-4,  1899. 

SOCIEDAD  CIENTIFICA  "ANTONIO  ALZATE." 
1672.  Memorias  y  Revista,  tonio  xii,  nums.  1-12,  1899. 


1752. 


xiv,  nums.  1-3,  1900. 


BUFFALO 


MEXICO 


(6)  EUROPE 

GEOLOGISCIIEN  KOMMISSION  DER  SCHWEIZ.-NATUR- 

FORSCHENDEN  GKSKLL8CHAFT,  BERNE 

1669.  Beitrfige  zur  Geologischen  Karte  der  Schweia,  lieferung  viii,  sappte- 
ment  2,  189t). 
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1670.  Same,  lieferung  xxviii,  1899. 

1746.  Geotechnische  Serie,  liefeninf;  i,  1899. 

1758.  Blatt  xvi,  zweite  Aufla>;e,  mit  Text. 

8CHLESI8CHE  GE8ELL8CHAFT  FUR  VATERLANDISCHE 

CULTUR,  BRE8LAU 

1822.  Sechsandsiebzigster  Jahres-Bericht,  1898. 

DANSK  GEOLOGISK  FORENING.  COPENHAGEN 

1823.  Meddelelser,  nos.  1-^,  1894-'99. 

DANMARK8  GE0L0GI8KE  UNDERSOGELSE,  COPENHAGEN 

1765.  Raekke  i,  nr.  1,  3,  and  6. 
1756.        *•       ii,  nr.  8-10. 

800X6x6  LANGUEDOCIENNE  DE  G^OGRAPHIE,  MONTPELLIER 

1824.  Bulletin,  tome  xxi,  quatridme  trimeetre,  1898. 

1825.  "  **     xxii,  qiiatri^me  trimestre,  1899. 

NATURFORSCHER  VEREINS  ZU  RIGA,  RIGA 

1826.  Korrespondenzblatt,  xlii,  1899. 
Arbeiten,  neue  Folge,  heft  9, 1899. 

GEOLOGICAL  INSTITUTION  OF  THE  UNIVERSITY  OP 

UP8ALA,  •  UPSALA 

1828.  Bulletin,  vol.  iv,  part  1,  no.  7, 1899. 

(e)  ASIA 
TOKYO  GEOGRAPHICAL  SOCIETY,  TOKYO 

1605.  Journal  of  Geography,  vol.  x.  nos.  118-120,  Oct-Dec,  1899.  ' 

1829.  "        "  "  •'    xi,  nos.  121-127,  Jan.-July,  1899. 

(d)  A  USTRALA8JA 
ROYAL  SOCIETY  OF  VICTORIA,  MELBOURNE 

1714.  Proceedings,  vol.  xi,  parts  1-2,  1899. 

(D)  From  Fxllowb  of  thb  Geological  Societt  of  America  (Personal 

Publications) 

T.  C.  CHAMBERLIN 

1831.  The  Ulterior  Basis  of  Time  Divisions,  etcetera. 

1832.  A  Systematic  Source  of  Evolution  of  Provincial  Faunas,  etcetera. 

1833.  Ix>rd  Kelvin's  Address  on  the  Age  of  the  Earth,  etcetera. 

U.  S.  GRANT 

1834.  Sketch  of  the  Geology  of  the  Eastern  End  of  the  Mesabi  Iron  Range  in 

Minnesota. 

1835.  Lakes  with  two  Outlets  in  Northeastern  Minnesota. 

1836.  A  Possibly  Drifblees  Area  in  Northeastern  Minnesota. 
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C.  W.  HALL 

1837.  Distribation  of  the  Keewatin  in  Minnesota. 

1838.  Exploration  for  Gold  in  the  Central  States. 

1839.  The  Geological  Club  of  tlie  University  of  Minnesota. 

C.  H.  HITCHCOCK 

1840.  Geology  of  Oahu,  etcetera. 

1841.  Sketch  of  W.  W.  Mather. 

1842.  William  Lothian  Green,  etcetera. 

1843.  lieview  of  Annual  Report  of  the  Geological  Survey  of  Canada  for  1894. 

1844.  The  Eastern  Lobe  of  the  Ice  Sheet. 

1845.  The  Geology  of  New  Hampshire. 

GEORGE  E.  LADD 

1846.  Geological  Phenomena  Resulting  from  the  Surface  Tension  of  Water. 

J.-'H.  PRATT 

1847.  On  the  Associated  Minerals  of  Rhodonite  (with  W.  E.  Hidden). 

1848.  The  Occurrence,  Origin,  and  Chemical  Composition  of  Chromite. 

F.  B.  TAYLOR 

1849.  The  Great  Ice  Dams  of  Lakes  Maumee,  Whittlesey,  and  Warren. 

1850.  The  Highest  Old  Shore  Line  on  Mackinac  Island. 

1851.  The  Ancient  Strait  at  Nipissing. 

1852.  Reconnaissances  of  the  Abandoned  Shore  Lines  of  Green  Bay,  etcetera. 

1853.  The  Limit  of  Postglacial  Submei*gence  in  the  Highlands  east  of  Georgian 

Bay. 

1854.  The  Munuscong  Islands. 

1855.  Changes  of  Level  in  the  Region  of  the  Great  Lakes,  etcetera. 

1856.  The  Second  Lake  Algonquin. 

1857.  Niagara  and  the  Great  Lakes. 

1858.  The  Nipissing  Beach  on  the  North  Superior  Shore: 
1859-1861.  Three  small  pamphlets. 

1862.  Notes  on  the  Quaternary  Geology  of  the  Mattawa  and  Ottawa  Valleys. 

1863.  The  Scoured  Boulders  of  the  Mattawa  Valley. 

1864.  Correlation  of  Erie- Huron  Beaches  with  Outlets,  etcetera. 

1865.  Lake  Adirondack. 

1866.  Notes  on  the  Abandoned  Beaches  of  the  North  Coast  of  Lake  Superior. 

1867.  Momines  of  Recession  and  their  Significance,  etcetera. 

1868.  Origin  of  the  Gorge  of  the  Whirlpool  Rapids  at  Niagara. 

C.  D.  WALCOTT 

1869.  Algonkian  Rocks  of  Grand  Canyon,  Colorado. 

1870.  Fosfril  Jelly  Fishes  from  the  Middle  Cambrian  Teri-ane. 

1871.  Note  on  the  Genus  Lingulepis. 

1872.  The  Post- Pliocene  Elevation  of  the  Inyo  Range,  etcetera. 

1873.  Cambrian  Brachioj)oda;  Genera  Iphideaand  Yorkia,  etcetera. 

1 874.  Brachiopod  Fauna  of  the  Carboniferous  Conglomerates  of  Rhode  Inland. 

1875.  Cambrian  Bracliiopoda;  Obolns  and  Lingulella,  etcetem. 
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1876.  Lower  Cambrian  Rocks  in  Eastern  California. 

1877.  Pre-Cambrian  Fossiliferous  Formations. 

1878.  The  Appalachian  Type  of  Folding  in  the  White  Mountain  Range, 

etcetera. 

1879.  Tlie  United  States  Forest  Reserves. 

1880.  Random,  a  Pre-Cambrian  Upper  Algonkian  Terrane. 

1881.  Lower  Cambrian  Terrane  in  the  Atlantic  Province. 

1882.  Nineteenth  Annual  Report  of  the  Director  of  the  United  States  Geo- 

logical Survey. 

1883.  Pre-Cambrian  Igneous  Rocks  of  the  Unkar  Terrane,  etcetera. 

1884.  Sixteenth  Annual  Report  of  the  Director  of  the  United  States  Geological 

Survey. 

1885.  Cambrian  Fossils  of  the  Yellowstone  National  Park. 

HENRY  S.  WASHINGTON 

1886.  Some  Analyses  of  Italian  Volcanic  Rocks. 

1624.  The  Petrographical  Province  of  Essex  County,  Massachusetts,  parts  2-6. 


(E)  From  Miscellaneous  Sources 

UNIVERSITY  OF  TENNESSEE, 

1 888.  University  of  Tennessee  Record,  Scientific  Engineering. 

MINERAL  COLLECTOR, 

1889.  The  Mineral  Collector,  vol.  vi,  nos.  3  and  9,  1899. 

GEORGES  CARRfi  ET  C.  NAUD,  ]feDITEUR8 

1890.  ^l^ments  de  Pal^obotanique,  par  R.  Zeiller. 

PHILADELPHIA  COMMERCIAL  MUSEUM, 

1891.  The  State  of  Nicaragua,  by  Gustavo  Niederlin. 

'engineers'  CLUB  OF  PHILADELPHIA, 

1892.  Proceedings,  vol.  xii,  no.  12,  April,  1895. 

RUSSIAN  JOURNAL  OF  FINANCIAL  STATISTICS, 

1893.  The  Russian  Journal  of  Financial  Statistics,  1900. 

MINING  BULLETIN. 

1424.  Mining  Bulletin,  vol.  iii,  nos.  3  and  6. 

1425.  **  **  "    iv,  nos.  1  and  5. 

1894.  **  '*  "    v,  no.  1. 

PROFESSOR  KOTORA  JIM  BO 

1895.  Notes  on  the  Minerals  of  Japan. 

DR  OTTO  KUNT2U5 

1896.  On  the  Occurrence  of  QueuHtedite  near  Montpelier,  Iowa. 

1897.  Untersuchungen  i'lher  die  Loslichkeit  Isomorpiier  Mischungen. 


NASHVILLE 


NEW  YORK 


PARIS 


PHILADELPHIA 


PHILADELPHIA 


ST  PETERSBURG 


STATE  COLLEGE 
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EDWIN  C.  E.  LORD 

1A98.  Petrographic    Report   on    Rocks    from    the    United    States-Mexican 
Boundary 

MARSDEN  MANSON 

1899.  The  Evolution  of  Climates. 

O.  SCHWEDER,  II 

1900.  Die  Bodentemperaturen  bei  Riga.  "  i 

XAVIER  STANIER 

1887.  L'Age  de  la  Pierre  au  Congo. 


OFFICERS  AND  FELLOWS  OF  THE   GEOLOGICAL  SOCIETY 

OF  AMERICA 

OFFICER^  FOB  1900 

President 
G.  M.  Dawson,  Ottawa,  Canada 

Vice-Presideiits 
C.  D.  Walcott,  Washington,  D.  C. 
N.  H.  WiNCHELL,  Minneapolis,  Minn. 

Secretary 
H.  L.  Fairchild,  Rochester,  N.  Y. 

Treastirer 
I.  C.  White,  Morgantown,  W.  Va. 

Editor      . 
J.  Stanley-Brown,  Washington,  D.  C. 

Librarian 
H.  P.  CusHiNG,  Cleveland,  Ohio. 

CouncUlora 
(Terra  expires  1900) 
Robert  Bell,  Ottawa,  Canada 
M.  E.  Wadsworth,  Houghton,  Mich. 

(Term  expires  1901) 
W.  M.  Davis,  Cambridge,  Mass. 
J.  A.  Holmes,  Chapel  Hill,  N.  C. 

(Term  expires  1902) 
W.  B.  Clark,  Baltimore,  Md. 
A.  C.  Lawson,  Berkeley,  Cal. 
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FELLOWS,  JUNE,  1900 

*Indicate8  Original  Fellow  (see  article  III  of  Constitution) 

Clbvbland  Abbe,  Jr.,  Ph.  D.,  Rock  Hill,  S.  C. ;  Professor  in  Winthrop  Normal 
College  of  South  Carolina.     August,  1899. 

Frank  Dawson  Adams,  Ph.  D.,  Montreal  Canada;  Professor  of  Geology  in  McGill 
University.     December,  1889. 

Jo86  GuADALUPB  Aguilrra,  Esquela  N.  de  Ingeneiros,  City  of  Mexico,  Mexico; 
Director  del  Instituto  Geologico  de  Mexico.     August,  1896. 

Truman  H.  Aldrtch,  M.  B.,  Birmingham,  Ala.     May,  1889. 

Henry  M.  Ami,  A.  M.,  Geological  Survey  Office,  Ottawa,  Canada;  .\8si8tant  Paleon- 
tologist on  Geological  and  Natural  History  Survey  of  Canada.     December,  1889. 

Philip  Argall,  821  Equitable  Building,  Denver,  Colo.;  Mining  Eng.    August,  181»G. 

George  Hall  Ashlky,  M.  E.,  Ph.  D.,  Charleston,  S.  C;  Professor  of  Natural  His- 
tory, College  of  Charleston.    August,  1896. 

Harry  Foster  Bain,  M.  S.,  Des  Moines,  Iowa ;  Assistant  Geologist,  Iowa  Geological 
Survey.     December,  1895. 

RuFUS  Mather  Bagg,  Ph.  D.,  Colorado  College,  Colorado  Springs,  Colo.  Decem- 
ber, 1896. 

S.  Prentiss  Baldwin,  1345  Euclid  Ave.,  Cleveland,  Ohio.    August,  1895. 

Erwin  Hinckley  Barbour,  Ph.  D.,  Lincoln,  Neb.;  Professor  of  Geology,  Univer- 
sity of  Nebraska,  and  Acting  State  Geologist.     December,  1896. 

George  H.  Barton,  B.  S.,  Boston,  Mass.;  Instructor  in  Geology  in  Massaclmeettti 
Institute  of  Technology.    August,  1890. 

Florence  Bascom,  Ph.  1).,  Bryn  Mawr,  Pa. ;  Instructor  in  Geology,  Petrography, 
and  Mineralogy  in  Bryn  Mawr  College.     August,  1894. 

William  S.  Bayley,  Ph.  D.,  VVaterville,  Maine;  Professor  of  Geology  in  Colby 
University.     December,  1888. 

*  George  F.  Becker,  Ph.  D.,  Washington,  D.  C. ;  U.  S.  Geological  Survey. 
Charles  E.  Bebcher,  Ph.  1).,  Yale  University,  New  Haven,  Conn.     May,  l88iK 
Robert  Bell,  C.  E,,  M.  D.,  LL.  D.,  Ottawa,  Canada;  Assistant  Director  of  the 

Geological  and  Natural  History  Survey  of  Canada.     May,  1889. 
Samuel  Walker  Beyer,  Ph.  D.,  Ames,  Iowa;  Assistant  Professor  in  Geolc^y,  Iowa 

Agricultural  College.     December,  1896. 
Alberts.  Bick.more,  Ph.  D.,  American  Museum  of  Natural  History,  New  York; 

Professor  in  charge  Department  of  Public  Instruction.     December,  1889. 
Irving  P.  Bishop,  109  Norwood  Ave.,  Buflfalo,  N.  Y. ;  Professor  of  Natural  Science, 

State  Normal  and  Training  School.     December,  1899. 
Emilio  Bosb,  Ph.  D.,  Calle  del  Paseo  Nuevo,  no.  2,  Mexico,  D.  F. ;  Geologist  of 

the  Instituto  Geologico  de  Mexico.    December.  1899. 
♦John  C.  Branner,  Ph.  D.,  Stanford  University,  Cal. ;  Professor  of  Geology  in 

Leland  Stanford  Jr.  University. 
Albert  Perry  Brigham,  A.  B.,  A.  M.,  Hamilton,  N.  Y. ;  Professor  of  Geology  and 

Natural  History,  Colgate  University.     December,  1893. 

*  Garland  C.  Broadhead,  Columbia,  Mo. ;  Professor  of  Geology  in  the  Uuivereity 

of  Missouri. 
Alkrbd  Huuse  Brooks,  B.  S.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S.  Geo- 
logical Survey.     August,  1899. 


OFFICERS   AND   FELLOWS   OF   THE   SOCIETY  631 

*  Samuel  Calvin,  Iowa  City,  Iowa ;  Professor  of  Geolojjy  and  Zoology  in  the  State 

University  of  Iowa.    State  Geologist. 

Hexry  Donald  Campbell,  Ph.  D.,  Lexington  Va. ;  Professor  of  Geology  and 
Biology  in  Washington  and  Lee  University.    May,  1889. 

Marius  R.  Campbell,  U.  S.  Geological  Survey,  Washington,  D.  C.     August,  1892. 

Franklin  R.  Carpenter,  Ph.  D.  Dead  wood,  South  Dakota;  Superintendent  Dead- 
wood  and  Delaware  Smelting  Company.  •  May,  LS89. 

*T.  C.  Chambbrlin,  LL.  D.,  Chicago,  111. ;  Head  Professor  of  Geology,  University 
of  Chicago, 

Clarence  Raymond  Claghorn,  B.  S.  M.  E.,  Vintondale,  Pa.     August,  1891. 

*  William  Bulix)ck  Clark,  Ph.  D.,  Baltimore,  Md.,  Professor  of  Geology  in  Johns 

Hopkins  University ;  State  Geologist. 
John  Mason  Clarke,  A.  M.,  Albany,  N.  Y.,  State  Paleontologist.    December,  1897. 

*  Edward  W.'Claypolb,  D.  Sc,  Pasadena,  Cal. 

J.  Morgan  Clements,  Ph.  D.,  Madison,  Wis.  ;  Assistant  Professor  of  Geology  in 

University  of  Wisconsin.     December,  1894. 
Collier  Cobb,  A.  B.,  A.  M.,  Chapel  Hill,  N.  C. ;  Professor  of  Geology  in  University 

of  North  Carolina.     December,  1894. 
Arthur  P.  Coleman,  Ph.  D.,  Toronto,  Canada;  Professor  of  Geology,  Toronto 

University,  and  Geologist  of  Bureau  of  Mines  of  Ontario.    December,  1896. 
George  L.  Collie,  Ph.  D.,  Beloit,  Wis. ;  Professor  of  Geology  in  Beloit  College. 

December,  1897. 
*TnBODORE  B.  CoMSTOCK,  Los  Angeles,  Cal. ;  Mining  Engineer. 

*  Francis  W.  Ckagin,  Ph.  D.,  Colorado  Springs,  Colo. ;  Professor  of  Geology  in 

Colorado  College. 

*  Albert  R.  Crandall,  A.  M.,  Alfred,  N.  Y. 

AijA  Robinson  Crook,  Ph.  D.,  Evanston,  111.  ;  Professor  of  Mineralogy  and  Petrog- 
raphy in  Northwestern  University.     December,  1898. 

*  William  O.  Crosby,  B.  S.,  Boston  Society  of  Natural  History,  Boston,  Mass. ; 

Asst.  Prof,  of  Mineralogy  and  Lithology  in  Massachusetts  Inst,  of  Technology. 
Whitman  Cross,  Ph.  D.,  U.  S.  Geological  Survey,  Washington,  D.  C.  May,  1889. 
Garry  E.  Culver,  A.  M.,  1 104  Wieconsin  St.,  Stevens  Point,  Wis.     December,  1891. 

*  Henry  P.  Cushing,  M.  S.,  Adelbert  College,  Cleveland,  Ohio ;  Professor  of  Geol- 

ogy, Western  Reserve  University. 

*  Nbuson  H.  Darton,  United  States  Geological  Survey,  Washington,  D.  C. 

*  William  M.  Davis,  Cambridge,  Mass. ;  Professor  of  Physical  Geography  in  Har- 

vard University, 
George  M.  Dawson,  D.  Sc,  A.  R.  S.  M.,  Geological  Survey  Office,  Ottawa,  Canada  ; 

Director  of  Geological  and  Natural  History  Survey  of  Canada.     May,  1889. 
David  T.  Day,  Ph.  D.,  U.  S.  GeoL  Survey,  Washington,  D.  C.     August,  1891. 
Orvillr  A.  Derby,  M.  S.,  Sao  Paulo,  Brazil;  Director  of  the  Geographical  and 

Geological  Survey  of  the  Province  of  Sao  Paulo,  Brazil.     December,  1890. 
♦Joseph  S.  Dillbr,  B.  S.,  United  States  Geological  Survey,  Washington,  D.  C. 
Edward  V.  d'Invilliers,  E.  M.,  711  Walnut  St.,  Philadelphia,  Pa.     Dec,  1888. 
Richard  E.  Dodge,  A.  M.,  Teachers'  College,  West  120th  St.,  New  York  city ;  Pro- 
fessor of  Geographv  in  the  Teachers'  College.     August,  1897. 
Noah  Fields  Drake,  Ph.  D.,  Tientsin,  China;  Professor  of  Geology  in  Imperial 

Tientsin  University.     December,  1898. 
CuARLKs  R.  Dryer,  M.  A.,  M.  D.,  Terre  Haute,  Ind.  ;  Professor  of  Geography, 

Indiana  State  Normal  School.     August,  1897. 
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*  Edwin  T.  Dumblk,  Austin,  Texas ;  State  Geologist. 

Clarkncr  E.  Dutton,  Major  U.  S.  A.,  Ordnance  Department,  Washington,  D.  C. 
August,  1891. 

*  William  B.  Dwight,  Ph.  B.,  Poughkeepsie,  N.  Y. ;  Professor  of  Natural  History 

in  Vassar  College. 
Arthur  S.  Eaklb,  Ph.  D.,  Berkeley,  Cal.;  Instructor  in  Mineralogy,  University  of 

California.    December,  1899. 
Charlbm  R.  Eastman,  A.  M.,  Ph.  D.,  Cambridge,  Mass. ;  Assistant  in  Paleontology 

in  Harvard  Univerpity.     December,  1895. 

*  George  H.  Eldridgb,  A.  B.,  United  States  Geological  Survey,  Washington,  D.  C. 
Arthur  H.  Elftman,  Ph.  D.,  Grand  Marais,  Minn.     December,  1898. 

Robert  W.  Ells,  LL.  D.,  Geological  Survey  Office,  Ottawa,  Canada;  Geologist  on 
Geological  and  Natural  History  Survey  of  Canada.     December,  1888.. 

*  Benjamin  K.  Emerson,  Ph.  D.,  Amherst,  Mass.;  Professor  in  Amherst  College. 

*  Samuel  F.  Emmons,  A.  M.,  E.  M.,  U.  S.  Geological  Survey,  Washington,  D.  C- 
JoHN  Eyerman,  F.  Z.  S.,  Oakhurst,  Easton,  Pa.     August,  1891. 

Harold  W.  Faikbanks,  B.  S.,  Berkeley,  Cal. ;  Geologist  State  Mining  Bureau. 
August,  1892. 

♦Herman  L.  Fairchild,  B.  8.,  Rochester,  N.  Y. ;  Professor  of  Geology  in  Uni- 
versity of  Rochester. 

J.  C.  Fales,  Danville,  Kentucky;  Professor  in  Centre  College.    December,  1888. 

Oliver  C.  Farrington,  Ph.  D.,  Chicago,  111. ;  In  charge  of  Department  of  Geology, 
Field  Columbian  Museum.     December,  1895. 

August  F.  Fokrste,  Ph.  D.,  417  Grand  Ave.,  Dayton,  Ohio,  Teacher  of  Sciences. 
December,  1899. 

William  M.  Fontaine,  A.  M.,  University  of  Virginia,  Va. ;  Professor  of  Natural 
History  and  Geology  in  University  of  Virginia.     December,  1888. 

*Persifor  Frazer,  D.  Sc,  1042  Drexel  Building,  Philadelphia,  Pa.;  Professor  of 
Chemistry  in  Franklin  Institute. 

*HomkrT.  Fuller,  Ph.  D.,  Springfield,  Mo.;  President  of  Drury  College. 

Myron  Lksf  ie  Fuller,  S.  B.,  U.  S.  Geological  Survey,  Washington,  D.  C.  Decem- 
ber, ,1898. 

Henry  Stewart  Gane,  Ph.  D.,  116  Market  St.,  Chicago,  111.     Deceml>er,  1806. 

Henry  Ganneit,  S.  B  ,  A.  Met.  B.,  U.  S.  Geological  Survey,  Washington,  D.  C. 
December,  1891. 

*  Grove  K.  Gilbert,  A.  M.,  LL.  D.,  U.  S.  Geological  Survey,  Washington,  D.  C. 
Adam  Capen  Gill,  Ph.  D.,  Ithaca,  N.  Y. ;  Assistant  Professor  of  Mineralogy  and 

Petrography  in  Cornell  University.     December,  1888. 

Charles  H.  Gordon,  Ph.  D.,  Lincoln,  Neb. ;  Superintendent  of  Schools.  August, 
1893. 

Amadbus  William  Grabau,  S.  B.,  Cambridge,  Mass.;  Fellow  in  Paleontology, 
Harvard  University.     December,  1898. 

Ulysses  Sherman  Grant,  Ph.  D.,  Evanston,  111. ;  Professor  of  Geology,  North- 
western University.     December,  1890. 

William  Stukkley  Greslry,  Erie,  Pa. ;  Mining  Engineer.     December,  1893.     t^ 

George  P.  Grimsley,  Ph.  D.,  Topeka,  Kan. ;  Professor  of  Geology  in  Washburn 
College.     August,  1895. 

Leo.m  S.  Griswold,  a.  B.,  238  Boston  St.,  Dorchester,  Mass.     August,  1892. 

Frederic  P.  Gulliver,  Ph.  D.,  St.  Mark's  School,  Southboro,  Mass.     August,  \SiCy. 

Arnold  Hague,  Ph.  B.,  U.  S.  Geological  Survey,  Washington,  D.  C.     May,  1889. 
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* Chkistopii ER  W.  Hall,  A.  M.,  803  University  Ave.,  Minneapolis,  Minn.;  Pro- 
fessor of  Geology  and  Mineralogy  in  University  of  Minnesota. 
John  B.  Hamtinos,  M.  E.,  Rossland,  British  Columbia.     May,  1889. 
John  B.  Hatchkk,  Ph.  B.,  Carnegie  Museum,  Pittsburgh,  Pa.     August,  1895. 

*  Erasmus  Hawortk,  Ph.  D.,  Lawrence,  Kan.;  Professor  of  Geology,  University 

of  Kansas. 
C.  VViLLAKDHAYKS,Ph.  D.,  U.  S.  Geological Survey,  Washington,  D.  C.    May,  1889. 

*  Anoblo  Hkilprin,  Academy  of  Natural  Sciences,  Philadelphia,  Pa  ;  Professor  of 

Paleontology  in  the  Academy  of  NaUiral  Sciences. 
•EuGKNE  W.  HiixiARD,  Ph.  D.,  LL.  D.,  Berkeley,  Cal. ;  Professor  of  Agriculture  in 

University  of  California. 
Frank  A.  Hill,  Roanoke,  Va.     May,  1889. 

*  Robert  T.  Hill,  B.  M.,  U.  8.  Geological  Survey,  Washington,  D.  C. 
Richard  C.  HiLii?,  Mining  Engineer,  Denver,  Colo.     August,  1894. 
♦Charles  H.  Hitchcock,  Ph.  D.i  LL.  D.,  Hanover,  N.  H. ;  Professor  of  Geology 

in  Dartmouth  College. 

William  Herbert  Hobrs,  Ph.  D.,  Madison,  Wis. ;  Assistant  Professor  of  Min- 
eralogy in  the  University  of  Wisconsin.     August,  1891. 

*Levi  Holbrook,  a.  M.,  p.  O.  Box  536,  New  York  city. 

Arthur  Hollick,  Ph.  B.,  Columbia  University,  New  York ;  Instructor  in  Geology. 
August,  1893. 

♦Joseph  A.  Holmes,  Chapel  Hill,  N.  C. ;  State  Geologist  and  Professor  of  Geology 
in  University  of  North  Carolina. 

Thomas  C  Hopkins,  Ph.  D.,  Syracuse,  N.  Y. ;  Instructor  in  Geology,  Syracuse 
University.     Deceniber,  1894. 

*  Edmund  Otis  Hovey,  Ph.  D.,  American  Museum  of  Natural  History,  New  York 

city  ;  Assistant  Curator  of  Geology. 

*  Horace  C.  Hovey,  D.  D.,  Newbury  port,  Mass. 

♦Edwin  E.  Howell,  A.  M.,  612  Seventeenth  St.  N.  W.,  Washington,  D.  C. 
Lucius  L.  Hubbard,  Ph.  D.,  LL.  D.,  Houghton,  Mich. ;  State  Geologist  of  Michigan. 
December,  1894. 

*  Alphbus  Hyatt,  B.  S.,  Boston  Society  of  Natural  History,  Boston,  Mass. ;  Curator 

of  Boston  Society  of  Natural  History. 

Joseph  P.  Iddings,  Ph.  B.,  Professor  of  Petrographic  Geology,  University  of  Chi- 
cago, Chicago,  111.     May,  1889. 

A.  Wendell  Jackson,  Ph.  B.,  407  St.  Nicholas  Ave.,  New  York  city.     Dec,  1888. 

RoBKRT  T.  Jackson,  S.  D.,  9  Faye'rweather  St.,  Cambridge,  Mass. ;  Instructor  in 
Paleontology  in  Harvard  University.     August,  1894. 

Thomas  M.  Jackson,  C.  E.,  S.  D.,  Clarksburg,  W.  Va.     May,  1889. 

*  WiLLARD  D.  Johnson,  United  States  Geological  Survey,  Washington,  D.  C. 
Alexis  A.  Juijen,  Ph.  D.,  Columbia  College,  New  York  city;  Instructor  in  Co- 
lumbia College.     May,  1889. 

Arthur  Keith,  A.  M.,  U.  S.  Geological  Survey,  Washington,  D.  C.     May,  1889. 
♦James  F.   Kemp,  A.  B.,  E.  M.,  Columbia  University,  New  York  city;  Professor 

of  Geology. 
Charlks  Rollin  Keyes,  Ph.  D.,  944  Fifth  St.,  Des  Moines,  Iowa.     August,  1890. 
Wilbur  C.  Knight,  B.  S.,  A.  M.,  Laramie,  VVyo. ;  Professor  of  Mining  and  Geology 

in  the  Univereity  of  Wyoming.     August,  1897. 
Frank  H.  Knowlton,  M.  S.,  Washington,  D.  C. ;  Assistant  Paleontologist,  U.  S. 

Geological  Survey.     May,  1889. 
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Hknry  B.  KttMMBL,  Ph.  D.,  Trenton,  N.  J.;  Assistant  State  Geologist  Decem- 
ber, 1895. 

*Gborge  F.  Kunz,  care  of  Tiflfariy  &  Co.,  15  Union  Square,  New  York  city. 

Ralph  D.  Lacoe,  Pittston,  Pa.     December,  1889. 

GifiOROB  Edgar  Ladd,  Ph.  D.,  Rolla,  Mo.;  Director  School  of  Mines.     August,  1891. 

J.  C.  K.  Laflammk,  M.  a.,  D.  D.,  Quebec,  Canada;  Professor  of  Mineralogy  and 
Geology  in  University  Laval,  Quebec.     August,  1890. 

Alfred  C.  Lane,  Ph.  D.,  Lansing,  Mich.;  Assistant  State  Geologist.     Dec,  1889. 

Daniel  W.  Langton,  Ph.  D.,  39  East  Tenth  St.,  New  York  city ;  Mining  Engineer. 
December,  1889. 

Andrew  C.  Lawson,  Ph.  D.,  Berkeley,  Cal.;  Assistant  Professor  of  Geology  in  the 
Univereity  of  California.     May,  1889. 

*JosKPH  Le  Contb,  M.  D.,  LL.  D.,  Berkeley,  Cal.;  Professor  of  Geology  in  the 
University  of  California. 

♦J.  Peter  Lesley,  LL.  D.,  1008  Clinton  St.,  Philadelphia,  Pa.;  State  Geologist 

Frank  Levkrett,  B.  S.,  Denmark,  Iowa;  Asst,  U.  S.  Geol.  Survey.     Aug.,  1890. 

William  Libbby,  Sc.  D.,  Princeton,  N.  J.;  Professor  of  Physical  Geography  in 
Princeton  University.     August,  1899. 

Waldemar  Lindgren,  U.  S.  Geological  Survey,  Washington,  D.  C.     August,  1890. 

Robert  H.  Loitgitridgk,  Ph.  D.,  Berkeley,  Cal.;  Assistant  Professor  of  Agricnltural 
Cliemistry  in  University  of  California.     May,  1889. 

Albert  P.  Ix)w,  B.  S.,  Geological  Survey  Office,  Ottawa,  Canada;  Geologist  on 
Canadian  Geological  Survey.     August,  1892. 

Thomas  H.  Macbride,  Iowa  City,  Iowa;  Professor  of  Botany  in  the  State  Univer- 
sity of  Iowa.     May,  1889. 

Henry  McCalley,  A.  M.,  C.  E.,  University,  Tuscaloosa  county,  Ala.;  Assistant 
on  Geological  Survey  of  Alabama.     May,  1889. 

RiciiARD  G.  McConnell,  a.  B.,  Geological  Survey  Office,  Ottawa,  Canada;  Geol- 
ogist on  Geological  and  Natural  History  Survey  of  Canada.     May,  1889.    • 

Jamrs  Rieman  Macparlane,  a.  B.,  100  Diamond  St.,  Pittsburg,  Pa.     August,  1891. 

*  W  J  McGee,  Washington,  D.  C;  Bureau  of  North  American  Ethnology. 
William  McInnks,  A.  B.,  Geological  Survey  Office,  Ottawa,  Canada;  Geologist, 

Geological  and  Natural  History  Survey  of  Canada.     May,  1889. 
Peter  McKellar,  Fort  William,  Ontario,  Canada.    August,  1890. 
Cyrus  K.  Marbdt,  A.  M.,  State  University,  Columbia,  Mo.;  Instructor  in  Geology 

and  Assistant  on  Missouri  Geological  Survey.     August,  1897. 
Vernon  F.  Marstbrs,  A.  ^L,  Bloomington,  Ind.;  Professor  of  Geology  in  Indiana 

State  University.     August,  1892. 
Edward  B.  Matitews,  Ph.  D.,  Baltimore,  Md.;  Instructor  in  Petrography  in  Johns 

Hopkins  University.     August,  1895. 
P.  H.  Mell,  M.  E. ,  Ph.  D.,  Auburn,  Ala.;  Professor  of  Geology  and  Natural  History 

in  the  State  Polytechnic  Institute.     December,  1888. 
John  C.  Mkrriam,  Ph.  D.,  Berkeley,  Cal.;  Instructor  in  Paleontology  in  University 

of  California.     August,  1895. 

*  Frederick  J.  H.  Merrill,  PH.  D.,  State  Museum,  Alliany,  N.  Y.;  Assistant  State 

Geologist  and  Assistant  Director  of  State  Museum. 
Georgk  p.  Mekrill,  M.  S.,  U.  S.  National  Museum,  Wiishington,  D.  C;  Curator 

of  Department  of  Litholo^y  and  Physical  Geology.     December,  1888. 
Arthur  M.   Miller,  A.  M.,  Lexington,  Ky. ;  Professor  of  Geology,  State  Uaiver- 

sity  of  Kentucky.     December,  1897. 


OFFICERS   AND    FELLOWS   OF   THE  SOCIETY  635 

Jamks  E.  Mills,  B.  S.,  Quincy,  Plumas  Co.,  Cal.     December,  1888. 
Thomas  F.  Mosbs,  M.  D.,  Worcester  Lane,  Waltham,  Mass.    May,  1889. 

♦  Frank  L.  Nason,  A.  B.,  West  Haven,  Conn. 

*PErrBR  Nkpf,  A.  M.,  361  Russell  Ave.,  Cleveland,  Ohio;  Librarian,  Western  Re- 
serve Historical  Society. 

Fkedrrick  H.  Nkwell.  B.  S.,  U.  S.  Geol.  Survey,  Waehinj^ton,  D.  C.    May,  1889. 

.John  F.  Nbwsom,  A.  M.,  Stanford  University,  Cal. ;  Associate  Professor  of  Metal- 
lurgy and  Mining.    December.  1899. 

William  H.  Nilbs,  Ph.  B.,  M.  A.,  Cambridge,  Mass.     August,  1891. 

William  H.  Norton,  M.  A.,  Mt.  Vernon,  Iowa;  Professor  of  Geology  in  Cornell 
College.    December,  1895. 

Charlbs  J.  Norwood,  Mining  Engineer;  St.  Bernard  Coal  Co.,  Earlington,  Ky. 
August,  1894. 

EzEQUiEL  Ordonez,  Esquela  N.  de  Ingeneiros,  City  of  Mexico,  Mexico;  Geologist 
del  Instituto  Geologico  de  Mexico.    August,  1896. 

♦Amos  O.  Osborn,  Waterville,  Oneida  Co.,  N.  Y. 

Henry  F.  Osborn,  Sc.  D.,  Columbia  University,  New  York  city;  Professor  of  Zool- 
ogy, Columbia  University.     August,  1894. 

Charlbs  Palachb,  B.  S.,  University  Museum,  Cambridge,  Mass.;  Instructor  in 
Mineralogy,  Harvard  University.     August,  1897. 

♦Horace  B.  Patton,  Ph.  D.,  Golden,  Colo.;  Professor  of  Geology  and  Mineralogy 
in  Colorado  School  of  Mines. 

Samuel  L.  Pbnfibld,  Ph.  B.,  M.  A.,  New  Haven,  Conn. ;  Professor  of  Mineralogy, 
Sheffield  Scientific  School  of  Yale  University.    December,  1899. 

Richard  A.  F.  Penrose,  Jr.,  Ph.  D.,  1331  Spruce  St.,  Philadelphia,  Pa.    May,  1889. 

Joseph  H.  Perry,  176  Highland  St.,  Worcester,  Mass.     December,  1888. 

♦William  H.  Peitee,  A.  M.,  Ann  Arbor,  Mich. ;  Professor  of  Mineralogy,  Eco- 
nomical Geology,  and  Mining  Engineering  in  Michigan  University. 

Louis  V.  Pirsson,  Ph.  D.,  New  Haven,  Conn. ;  Assistant  Professor  of  Inorganic 
Geology,  Sheffield  Scientific  School.     August,  1894. 

♦  Franklin  Plait,  1617  Chestnut  St.,  Philadelphia,  Pa. 
♦Julius  Pohlman,  M.  D.,  University  of  Buffalo,  Buffalo,  N.  Y. 

John  Bonsall  Porteh,  E.  M.,  Ph.  D.,  Montreal,  Canada;  Professor  of  Mining, 
McGill  University.     December,  1896. 

♦John  W.  Powell,  Bureau  of  Ethnology,  Washington,  D.  C. 

Joseph  Hyde  Pratt,  Ph.  D.,  Chapel  Hill,  N.  C.  ;  Assistant  Geologist,  North  Caro- 
lina Geological  Survey.     December,  1898. 

♦Charles  S.  Prosser,  M.  S.,  Columbus,  Ohio;  Associate  Professor  of  Historical 
Geology  in  Ohio  State  University. 

♦  Raphael  Pumpelly,  U.  S.  Geological  Survey,  Dublin,  N.  H. 
£dmund  C.  Quekeau,  Ph.  D.,  Aurora,  III.     August,  1897. 

Frederick  Leslie  Ransome,  Ph.  D.,  W^ashington,  D.  C. ;  Assistant  Geologist, 

U.  S.  Geological  Survey.     August,  1895. 
Harry  Fielding  Reid,  Ph.  D.,  Jolms  Hopkins  Univ.,  Baltimore.  Md.     Dec,  1892. 
William  North  Rice,  Ph.  D.,  LL.  D.,  Middletown,  Conn. ;  Professor  of  Geology 

in  Wesleyan  University.     August,  1890. 
Charles  H.  Richardson,  Ph.  D.,  Hanover,  N.  H. ;  Instructor  in  Chemistry  and 

Mineralogy,  Dartmouth  College.     December,  1899. 
Hbinrich  Ries,  Ph.  D.,  Cornell  University,  Ithaca,  N.  Y. ;  Instructor  in  Economic 

Geology.    December,  1893. 
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Charles  W.  Rolfb,  M.  S.,  601  John  St.,  Champaign,  111. ;  Professor  of  Geology  in 
University  of  Illinois.     May,  1889. 

*  Israel  C.  Russell,  LL.  D.,  Ann  Arbor,  Mich. ;  Professor  of  Geology  in  Univer- 

sity of  Michigan. 

*  James  M.  Safford,  M.  D.,  LL.  D.,  Nashville,  Tenn.;  State  Geologist;  Professor 

in  Vanderbilt  University. 

Orestes  H.  St.  John,  Raton,  N.  Mex.     May,  1889. 

*RoLLiN  D.  Salisbury,  A.  M.,  Chicago,  Hi.;  Professor  of  General  and  Geographic 
Geology  in  University  of  Chicago. 

Frederick  W.  Sardeson,  Ph.  D.,  Instructor  in  Paleontology,  University  of  Min- 
nesota, Minneapolis,  Minn.    December,  1892.  ^ 

♦Charles  Schakffer,  M.  D.,  1309  Arch  St.,  Philadelphia,  Pa. 

Charles  Schuciiekt,  Washington,  D.  C;  Assistant  Curator  in  Paleontology,  U.  S. 
National  Museum.    August,  1895. 

William  B.  Scon\  Ph.  D.,  56  Bayard  Ave.,  Princeton,  N.  J.;  Blair  Profeseor  of 
Geology  in  College  of  New  Jersey.     August,  1892. 

Henry  M.  Seely,  M.  D.,  Middlebury,  Vt.;  Professor  of  Geology  in  Middlebury 
College.     May,  1889. 

*  Nathaniel  S.  Shalbr,  LL.  D.,   Cambridge,   Mass.;  Professor  of  Geology  in 

Harvard  University. 
Geoiige  Bukbank  Shattuck,   Ph.   D.,   Baltimore,  Md.;    Associate  Professor  in 

Physiographic  Geology,  Johns  Hopkins  University.     August,  1899. 
Will  H.  Sherzkr,  M.  S.,  Ypsilanti,  Mich.;  Professor  in  State  Normal  Sch.  Dec.,  1S5K). 

*  Frederick  W.  Simonds,  Ph.  D.,  Austin,  Texas;  Professor  of  Geology  in  Univer- 

sity of  Texas. 

♦EuciENE  A.  Smith,  Pli.  D.,  Univeraity,  Tuscaloosa  Co.,  Ala.;  State  Geologist  and 
Professor  of  Chemistry  and  Geology  in  University  of  Alabama. 

Frank  Clemks  Smitij,  B.  S.,  Deadwood,  S.  Dak.;  Mining  Engineer.     Dec.,  1898. 

George  Otis  Smith,  Ph.  D.,  Washington,  I).  C;  Assistant  Geologist,  U.  S.  Geolog- 
ical Survey.     August,  1897. 

♦John  C.  Smock,  Ph.  D.,  Trenton,  N.  J.;  State  Geologist. 

Charles  H.  Smyth,  Jk.,  Ph.  D.,  Clinton,  N.  Y.;  Professor  of  Geology  in  Hamilton 
College.     August,  1892. 

Henry  L.  Smyth,  A.  B.,  Cambridge,  Ma^s.;  lustnictor  in  Mining  Geology  in 
Harvard  University.     August,  1894. 

Arthur  Coe  Spencer,  B.  S.,  Ph.  D.,  Washington,  D.  C;  Assistant  Geologist,  U,  S. 
Geological  Survey.     December,  1896. 

*  J.  W.  Spencer,  Ph.  D.,  152  Bloor  St.  East,  Toronto,  Canada. 

JosiAH  E.  SpuRR,  A.  B.,  A.  M.,  U.  S.  Geol.  Survey,  Washington,  D.  C.     Dec.,  18iM. 

Joseph  Stanley-Brown,  1318  Massachusetts  Ave.,  Washington,  D.  C.    August,  1892. 

Timothy  William  Stanton,  B.  S.,  U.  S.  National  Museum,  Washington,  D.  C; 
Assistant  Paleontologist,  U.  S.  Geological  Survey.     August,  1891. 

*JoHN  J.  Stevenson,  Ph.  D.,  LL.  D.,  New  York  University;  Professor  of  Geology 
in  the  New^  York  Univerwity. 

Joseph  A.  Taff,  II.  S.,  Washington,  D.  C;  Assistant  Geologist,  U.  S.  Geologic*al 
Survey.     August,  1895. 

James  E.  Talmacjk,  Ph.  D  ,  Salt  I^ke  City,  Utah;  Professor  of  Geologj*  in  Univer- 
sity of  Utah.     December,  1897. 

Ralph  S.  Tarr,  Cornell  University,  Ithaca,  N.  Y.;  Professor  of  Dynamic  Geology 
and  Physical  Geography.     August,  1890. 
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Frank  B.  Taylor,  Fort  Wayne,  Ind.    December,  1895. 

William  G.  Tight,  M.  S.,  Granville,  Ohio;  Professor  of  Geology  and  Biology, 
Denison  University.     August,  1897. 

*  James  E.  Todd,  A.  M.,  Vermilion,  8,  Dak. ;  Professor  of  Geology  and  Mineralogy 

in  University  of  South  Dakota. 

♦Henry  W.  Turner,  B.  S.,  U.  S.  Geological  Survey,  San  Francisco,  Cal. 

Joseph  B.  Tyrrkll,  M.  A.,  B.  Sc,  Geological  Survey  Office,  Ottawa,  Canada;. 
Geologist  on  the  Canadian  Geological  Survey.     May,  1889. 

JoHAN  A.  Uddkn,  a.  M.,  Rock  Island,  111. ;  Professor  of  Geology  and  Natural  His- 
tory in  Augustan  a  College,    August,  1897. 

*  Warken  Upham,  a.  M.,  Librarian  Minnesota  Historical  Society,  St.  Paul,  Minn. 

*  Charles  R.  Van  Hise,  M.  S.,  Madison,  Wis. ;  Professor  of  Mineralogy  and  Pe- 

trography in  Wisconsin  University ;  Geologist,  U.  S.  Geological  Survey. 
Frank  Robertson  Van  Horn,  Ph.  D.,  Cleveland,  Ohio;  Instnictor  in  Geology 

and  Mineralogy,  Case  School  of  Applied  Science.    December,  1898. 
Thomas  Wayland  Vaughan,  B.  S.,  A.  M.,  Washington,  D.  C. ;  Assistant  Geologist, 

U.  8.  Geological  Survey.     August,  1890. 

*  Anthony  W.  Vogdks,  Fort  Wadsworth,  Staten  Island,  N.  Y. ;  Captain  Fifth 

Artillery,  U.  S.  Army. 
*Marshman  E.  Wadsworth,  Ph.  D.,  Box  296,  Chicago,  III. 
♦Charles  D.  Walcjott,  U.  S.  National  Museum,  Washington,  D.  C. ;  Director  U.  S. 

Geological  Survey. 
Henry  Stei'hens  Washington,  Ph.  D.,  Locust,  Monmouth  Co.,  N.  J.    August, 

1896. 
Walter  H.  Weed,  M.  E.,  U.  S.  Geological  Survey,  Washington,  D.  C.     May,  1889. 
Lewis  G.  Westoatk,  Ph.  D.,  Delaware,  Ohio  ;  Professor  of  Geology,  Ohio  Wesleyan 

University. 
Thomas  C  Weston,  Ottawa,  Canada.     August,  1893. 
David  White,  U.  S.  National  Museum,  Washington,  D.  C;  Assistant  Paleontologist, 

U.  S.  Geological  Survey,  Washington,  D.  C.     May,  1889. 

*  Israel  C.  White,  Ph.  D.,  Morgantown,  W.  Va. 

Theodore  Greely  White,  Ph.  B.,  A.  M.,  New  York  city;  Assistant  in  Physics, 
Columbia  University.    December,  1808. 

♦Robert  P.  Whitfield,  Ph.  D.,  American  Museum  of  Natural  History.  78th  £,t. 
and  Eighth  Ave.,  New  York  city  ;  Curator  of  Geology  and  Paleontology. 

♦Edward  H.  Williams,  Jr.,  A.  C,  E  M.,  117  Church  St.,  Bethlehem,  Pa.  ;  Pro- 
fessor of  Mining  Engineering  and  Geology  in  Lehigh  University, 

*  Henry  S.  Williams,  Ph.  D.,  New  Haven,  Conn. ;  Professor  of  Geology  and  Pale- 

ontology in  Yale  University. 

Bailey  Willis,  U.  S.  Geological  Survey,  Washington,  D.  C.     December,  1889. 

Samuel  Wendell  Williston,  Ph.  D.,  M.  D.,  Lawrence,  Kan. ;  Professor  of  His- 
torical Geology,  University  of  Kansas.     December,  1898. 

Arthur  B.  Willmoft,  M.  A.,  Toronto,  Canada;  Professor  of  Geology  and  Chem- 
istry, McMaster  University.     December,  1899. 

*  Horace  Vaughn  Winchell,  Butte,  Montana;  Geologist  of  the  Anaconda  Copper 

Mining  Company.  • 
♦NEwroN  H.  Winchell,  A.  M.,  Minneapolis,  Minn.  ;  State  Geologist;  Professor 
in  University  of  Minnesota. 

*  Arthur  Winslow,  B.  S.,  care  of  Missouri,  Kansas  and  Texas  Trust  Company, 

Kansas  City,  Mo. 
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John  E.  Wolff,  Ph.  D.,  Harvard  University,  Cambridge,  Maae. ;  Profeasor  of 

Petrography  and  Mineralogy  in  Harvard  University  and  Curator  of  the  Min- 

ei-alogical  Museum.    December,  1889. 
Robert  Simpson  Woodward,  C.  E.,  Columbia  College,  New  York  city;  Professor 

of  Mechanics  in  Columbia  College.    May,  1889. 
Jay  B.  Woodworth,  B.  8.,  27  Dana  St.,  Cambridge,  Mass. ;  Instructor  in  Harvard 

University.     December,  1895. 
Albeht  a.  Wright,  Ph.  D.,  Oberlin,  Ohio ;  Professor  of  Geology  in  Oberlin  College. 

August,  1898. 
♦G.  Fredbrick  Wright,  D.  D.,  Oberlin,  Ohio;  Professor  in  Oberlin  Theological 

Seminary. 
William  8.  Ybatbs,  A.  B.,  A.  M.,  Atlanta,  Ga. ;  State  Geologist  of  Ga.    Aug.,  1894. 

FELLOWS  DECEASED 

*  Indicates  Original  Fellow  (see  article  III  of  Constitution) 

*  Charles  A.  Ashburner,  M.  S.,  C.  E.    Died  December  24,  1889. 
Amos  Bowman.    Died  June  18,  1894. 

*  J.  H.  Chapin,  Ph.  D.     Died  March  14,  1892. 

George  H.  Cook,  Ph.  D.,  LL.  D.     Died  September  22,  1889. 

*  Edward  D.  Cope,  Ph.  D.     Died  April  12,  1897. 
Antonio  del  Castillo.    Died  October  28,  1895. 

*  James  D.  Dana,  LL.  D.     Died  April  14,  1895. 

Sir  J.  William  Dawson,  LL.  D.     Died  November  19,  1899. 

*  Albeut  E.  Footb.    Died  October  10,  1895. 
N.  J.  GiBoux,  C.  E.    Died  November  30,  1896. 

*  Jambs  Hall,  LL.  D.    Died  August  7, 1898. 

*  Robert  IIay.    Died  December  14,  1895. 

David  Honbyman.  D.  C.  L.    Died  October  17,  1889. 

Thomas  Sterry  Hunt,  D.  Sc,  LL.  D.     Died  February  12,  1892. 

♦Joseph  F.  Jambs,  M.  S.     Died  March  29,  1897. 

Oliver  Marcy,  LL.  D.     Died  March  19,  1899. 

Othniel  C.  Marsh,  Ph.  D.,  LL.  D.     Died  March  18,  1899. 

*  Henry  B.  Nason,  M.  D..  Ph.  D.,  LL.  D.     Died  January  17,  1895. 
♦John  S.  Newberry,  M.  D.,  LL.  D.     Died  December  7,  1892. 
♦Edward  Orton,  Ph.  D.,  LL.  D.    Died  October  16,  1899. 

*  Richard  Owen,  LL.  D.     Died  March  24,  1890 
Charles  Wachsmuth.    Died  February  7,  1896. 
♦George  H.  Williams,  Ph.  D.    Died  July  12,  1894. 
♦J.  Francis  Williams,  Ph.  D.    Died  November  9,  1891. 
♦Alexander  Winchell,  LL.  D.    Died  February  19, 1891. 
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